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LIMITED WARRANTY 


Devices sold by Catalyst Semiconductor, Inc. are covered by the limited warranty and other limited provisions appearing in its Terms 
of Sale. Catalyst Semiconductor makes no warranty, express, statutory, implied, or by description regarding the information set 
forth herein or regarding the freedom of the described devices from patent or other intellectual property infringement. Catalyst 
Semiconductor makes no warranty of merchantability or fitness for any purpose. Catalyst Semiconductor reserves the right to 
discontinue production and change specifications and prices at any time and without notice. 


Catalyst Semiconductor, Inc. assumes no responsibility for the use of any circuitry other than circuitry it embodies in a Catalyst 
Semiconductor product. . : 


LIFE RELATED POLICY DISCLAIMER 
Catalyst Semiconductor’s products are not authorized for use as critical components in life support devices or systems. 


1. Life support devices or systems are devices or systems which, (a) are intended for surgical implant into the body, or (b) support 
or sustain life, and whose failure to perform, when properly used in accordance with instructions for use provided in the 
labelling, can be reasonably expected to result in a significant injury to the user. 

2. Acritical component is any component of a life support device or system whose failure to perform can be reasonably expected 

_to cause the failure of the life support device or system, or to affect its safety or effectiveness. 


In situations where semiconductor component failure may endanger life, system designers using this product should design the 
system with appropriate error detection and correction, redundancy and back-up features to prevent such an occurence. 


Copyright © 1996 Catalyst Semiconductor, Inc. Catalyst Semiconductor is licensed by Philips Corporation to carry the I?C Bus 
Protocol. Intelligent Programming, Quick-Erase Programming and Quick-Pulse Programming are trademarks of Intel Corpora- 
tion. Product names used in this publication are for identification purposes only and may be trademarks of their respective 
companies. Catalyst Semiconductor, Inc. reserves the right to make changes in the device or specifications described herein 
without notice. Information in this document is subject to change without notice. 
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24C01 


24WC01 


24002 


24WC02 


24004 


24WC04 


24C08 


24WC08 


24016 


24WC16 


24C3 


24WC32 


24C64 


24WC64 


Temp. Density 
Range (Organization) 

C, | 1Kb 
(128X8) 

C, | 1Kb 
(128X8) 

C, | 2Kb 
(256X8) 

C, | 2Kb 
(256X8) 

4Kb 
(512X8) 


C 
C 
C 


Foe 
co) 
Rp © 
RA 
x oO 
& 


C 


wD 
o-_ 
& 2 
xo 
& 


(4096X8) 


32Kb 
(4096X8) 

64Kb 
(8192X8) 

64Kb 
(8192X8) 


C, | 
C, 1 
C, | 
C, | 


CI 
C, | 4Kb 3mA/OpA 
(512X8) 
7 
7 
7 
7 


icc 
(Active/Standby) 
3mA/OuA 
3mMA/OLA 
3mA/OLA 
3mA/OLA 
3mA/OUA | 
- 3mA/OuA 
3mA/OLA 
3mA/0nA 
3mA/0LA 


3mA/0LA 


3mA/OuA 


3mA/OpLA 


3mA/OLA 
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Max. Clock Lead Pkg 
Freq. Count Types 
400kHz PDIP, SOIC 
1 SOIC 
400kHz PDIP, SOIC 
| 1 SOIC 
400kHz PDIP, SOIC 
1 SOIC. 
400kHz PDIP, SOIC 
1 SOIC 
400kHz PDIP, SOIC 
| 1 SOIC 
400kHz PDIP, SOIC 
1 SOIC 
400kHz PDIP, SOIC 
1 SOIC 
400kHz PDIP, SOIC 
1 SOIC 
400kHz PDIP, SOIC 
1 SOIC 
400kHz PDIP, SOIC 
1 SOIC 
400kHz 8 PDIP, SOIC 
1 SOIC 
400kHz PDIP, SOIC 
| 1 SOIC 
400kHz 8 PDIP, SOIC 
1 SOIC 


400kHz PDIP, SOIC 
14 SOIC 


8 
4 
8 
4 
8 
4 
8 
4 
8 
4 
8 
4 
8 
4 
8 
4 
8 
4 
8 
4 
4 
8 
4 
4 
8 


ODuctTar 


Oprig 
Vitg. Range 
1.8 -6.0V 
1.8 -6.0V 
1.8 -6.0V 
1.8 -6.0V 
1.8 -6.0V 
1.8 -6.0V 
1.8 -6.0V 


1.8 -6.0V 


1.8 -6.0V 


1.8 -6.0V 


1.8 -6.0V 


1.8 -6.0V 


1.8 -6.0V 


1.8 -6.0V 





Product Features 


SERIAL E2PROMs 
Microwire Bus (Data Book Section 3) 


Temp. Density icc Max. Clock Lead 
Range (Organization) | (Active/Standby) Freq. Count 
93C46 C, | 1Kb 3mA/50unA 1MHZ 
(64X16/128X8) 


Pkg Oprtg 
Types Vitg. Range 
PDIP, SOIC 1.8 - 6.0V 


PDIP,SOIC | 1.8 - 6.0V 
PDIP,SOIC | 1.8 - 6.0V 

















93C46A C1, 1Kb 3mA/50uA 1MHZ 
(64X16) 
93C56 C, | 2Kb 3mA/50uA 1MHZ 
(128X16/256X8) 
93C56A C, | 2Kb 3mA/50uA 1MHZ 
(128X16) 
93C66 C, | 4Kb 3mA/50uA 1MHZ 
(256X16/512X8) 
93C66A on 4Kb 3mA/50uA 1MHZ 
(256X16) 
93C86 C, | 16Kb — 3mA/50LnA 1MHZ 
(1024X16/2048X8) 
93C86A C, | 16Kb 3mA/50nA 1MHZ 
(1024X16) 8 
93C57 C, | 2Kb — 8mA/50pA 1MHZ 
(128X16/256X8) eS 











PDIP, SOIC 1.8 - 6.0V 
PDIP, SOIC 1.8 - 6.0V 


ae PDIP, SOIC |. 1.8- 6.0V 
| = PDIP,SOIC | 1.8 - 6.0V 





SERIAL E2PROMs 
SPI Bus (Data Book Section 4) 


Temp. Density 7 ICC Max. Clock Lead Pkg Opritg 
Device Range (Organization) | (Active/Standby) Freq. Count Types Vitg 
64LC10 C, | 1Kb 1mA/OLA 1MHZ PDIP, SOIC 2.5-6.0V _ 
(64X16) | 
64LC20 C, | 2Kb 1mA/OWA 1MHZ PDIP, SOIC 2.5-6.0V 
| (128X16) | 
64LC40 C, | 4Kb 1mA/OuA 1MHZ PDIP, SOIC 2.5-6.0V 
(256X16) 


SERIAL E2PROMs 
Secure Access (Data Book Section 5) 


Temp. Density ICC Max. Clock} Lead Pkg Oprtg 
Device Range Protocol (Organization) |(Active/Standby)| Freq. Count Types Vitg 
_ | 350704 C,| Synchronous 4Kb 3mA/250nA 3MHZ PDIP, SOIC | 4.5-5.5V 
(256X16/512X8) 


33C704 C, | Synchronous 4Kb 3mA/250uUA 1MHZ PDIP, SOIC | 2.7-3.3V 
(256X16/512X8) | 
35C804A C,| |UART Compatible — 4Kb 3mA/250nA 5MHZ 8 PDIP, SOIC | 4.5-5.5V 
(256X16/512X8) 16 SOIC 
8 


33C804A C,1 |UART Compatible 4Kb 3mA/250LA SMHZ PDIP, SOIC | 2.7-3.3V 
(256X16/512X8) | SOIC 
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Product Features 


NVRAMs 
(Data Book Section 6) 


Temp. Density Access Time (ns)/ ICC Lead Pkg Oprtg 
Range |(Organization); Max. CLK Freq (Active/Standby) | Count Types Vitg Range 
22010 C,| 256b 200, 300 40mA/30nA 18 PDIP 4.5-5.5V 
(64X4) 16 |. SOIC 
24C44 C, | 256b 1MHZ 3mA/30nA PDIP, SOIC 4.5-5.5V 
(16X16) 


Flash Memories 
(Data Book Section 7) 























Temp. Density Access ICC | Lead Pkg Oprtg 
Range | (Organization) Time (ns) (Active/Standby) | Count Types Vitg Range 





90/120/150 


28F512 30mA/1 001A 
28F010 


1Mb 90/120/150 30mA/100pA 32 PDIP, PLCC, 
(128KX8) TSOP 
28F020 


512Kb 12V 
(64KX8) 
Real 
| 
28F102 1Mb 90/120/150 30mA/100nA 40 PDIP, TSOP 12V 
(64KX16) 44 PLCC 
ik 
| 


C 
C 
C 
C 
C 


28F202 2Mb 120/150/200 30mA/100nA 40 PDIP, TSOP 
(128KX16) 44 PLCC 
28F001 1Mb 90/120/150 32 PDIP, PLCC, 
(128KX8) 
32 


28F002 2Mb 120/150/200 
(256KX8) 40 
| 44 


PARALLEL E2PROMs 
(Data Book Section 8) 
Temp. Density Access ICC Lead Pkg = Oprtg 

Device | Range | Compatibility | (Organization) | Time (ns) | (Active/Standby) | Count Types Vitg 

28C16A | C,| Industry 16Kb 200, 250 35mA/100nLA 24 PDIP, SOIC 4.5-5.5V 
(2KX8) 32 PLCC 

28C17A ; C,I | Industry 16Kb 200, 250 35mA/100unA 28 PDIP, SOIC 4.5-5.5V 
(2KX8) 32 PLCC 

28C64B | C,| Industry 64Kb 120, 150, 30mA/100LA © 28 | PDIP, SOIC, TSOP | 4.5-5.5V 
(8KX8) 200 32 TSOP, PLCC 

28C65B | C,| Industry 64Kb 120, 150, 30mA/100nA 28 | PDIP, SOIC, TSOP | 4.5-5.5V 
(8KX8) 200 32 TSOP, PLCC 

28C256 | C,I| Industry 256Kb 150, 200, 30mA/150nA 28 PDIP, TSOP 4.5-5.5V 
(32KX8) 250 32 TSOP, PLCC 





| 
| 
a 
el 
| 
Cl 
Cl 







PDIP, PLCC, TSOP 
TSOP 















Product Features 


PARALLEL E2PROMs 
Low Voltage (Data Book Section 8) | 


Temp. Density _ Access icc Lead Pkg Oprtg 
Range | (Organization) Time (ns) (Active/Standby) | Count Types _ Vitg 
28LV64 C, | 64Kb 200, 250, 300 8mMA/150nA 28 PDIP, SOIC, TSOP | 3.0-3.6V 
(8KX8) 32 TSOP, PLCC os 
28LV65 C, | 64Kb 200, 250, 300 8mMA/150nA 28 PDIP, SOIC, TSOP | 3.0-3.6V 
(8KX8) 32 TSOP, PLCC 
28LV256 C, | 256Kb 200, 250, 300 15mA/150uA 28 PDIP, TSOP 3.0-3.6V 
(32KX8) 32 TSOP, PLCC 


Mixed Signal Products 
(Data Book Section 9) 


Bits Linearity 
Temp | Resolution Error(LSB) | Data Latch NV MEM. | #DACs/Pkg 


fom [or] | vase c 
7 

25 

25 




























Pkg Types 


we | 1 | coor | 
ce 
[We 


Settling 
Time(ns) 
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CAT24C01/02/04/08/16 


1K/2K/4K/8K/16K-Bit Serial E2PROM 


FEATURES 


m@ 400 KHZ I?7C Bus Compatible* 

m@ 1.8 to 6.0 Volt Operation 

m Low Power CMOS Technology 

m Page Write Buffer 

m@ Self-Timed Write Cycle with Auto-Clear 


DESCRIPTION 


The CAT24C01/02/04/08/16 is a 1K/2K/4K/8K/1 6K-bit 
Serial CMOS EPROM internally organized as 128/256/ 
512/1024/2048 words of 8 bits each. Catalyst’s ad- 
vanced CMOS technology substantially reduces device 
power requirements. The CAT24C01/02 features an 8- 


PIN CONFIGURATION 
DIP Package (P) 


SOIC Package (J14) 


NC 
Vcc 
NC 
NC 
SCL 
SDA 
NC 






24CXX F02 


24CXX F01 


PIN FUNCTIONS 


| PinName | Function 
NC 
Vec 
Vss 














PNC | NoConnect 
Veo +1.8V to +6.0V Power Supply 
|Vss | Ground 





MI|GATALYST 


m 100,000 Program/Erase Cycles 

m 100 Year Data Retention 

m 8-pin DIP, 8-pin SOIC or 14-pin SOIC Package 

m= Commercial and Industrial Temperature Ranges 


byte page write buffer, and the CAT24C04/08/16 fea- 
tures an 16-byte page write buffer. The device operates 
via the 1?C bus serial interface and is available in 8-pin 
DIP, 8-pin SOIC or 14-pin SOIC packages. 


BLOCK DIAGRAM 


EXTERNAL LOAD 


= SENSE AMPS 
L ee SHIFT REGISTERS 






Voc LD 
WORD ADDRESS COLUMN 
V 


START/STOP 
A 
ees ee LOGIC 
XDEC -E2PROM 
CONTROL 
LOGIC 
as DATA IN STORAGE 


HIGH VOLTAGE/ 
TIMING CONTROL 





SCL [_> STATE COUNTERS 
Ag L SLAVE 
Ai LD ADDRESS 
A2 | > COMPARATORS 
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* Catalyst Semiconductor is licensed by Philips Corporation to carry the I2C Bus Protocol. 


© 1996 by Catalyst Semiconductor, Inc. 2-4 


Characteristics subject to change without notice 


CAT24C01/02/04/08/16 


ABSOLUTE MAXIMUM RATINGS* | *COMMENT 


Temperature Under Bias.................. —55°C to +125°C Stresses above those listed under “Absolute Maximum 
Storage Temperature ......... eee —65°C to +150°C Ratings’ may cause permanent damage to the device. 
Voltage on Any Pin with These are stress ratings only, and functional operation of 
Respect to Ground") ........... -2.0V to +Vcc + 2.0V ine ce a ees Or any ourel conciiens eee ot ine? 7 
listed in the operational sections of this specification is not 
Vcc with Respect to Ground ............... —2.0V to +7:0V implied. Exposure to any absolute maximum rating for 
Package Power Dissipation extended periods may affect device performance and 
Capability (Ta = 25°C) ........cccccccccscsssseeeeeeeeeees 1.0W reliability. 


Lead Soldering Temperature (10 secs) ............ 300°C 
Output Short Circuit Current® woe 100mA 





RELIABILITY CHARACTERISTICS 


Symbol Parameter | Min, | 
Endurance 100,000 


| Units Reference Test Method | 


Cycles/Byte | MIL-STD-883, Test Method 1033 


ae 

Data Retention } 100 | | Years | MIL-STD-883, Test Method 1008 
ee 
| 





ESD Susceptibility 2000 MIL-STD-883, Test Method 3015 | 
rH | Latch-up JEDEC Standard 17 


D.C. OPERATING CHARACTERISTICS 
Vcc = +1.8V to +6.0V, unless otherwise specified. 


| Power Supply Current 
Standby Current (Vcc = 5.0V) 
Input Leakage Current 


Test 


Input/Output Capacitance (SDA) 
Input Capacitance (AO, A1, A2, SCL) 





Note: : 

(1) The minimum DC input voltage is -0.5V. During transitions, inputs may undershoot to —2.0V for periods of less than 20 ns. Maximum DC 
voltage on output pins is Voc +0.5V, which may overshoot to Vcc + 2.0V for periods of less than 20ns. 

Output shorted for no more than one second. No more than one output shorted at a time. ‘ 

This parameter is tested initially and after a design or process change that affects the parameter. 

Latch-up protection is provided for stresses up to 100 mA on address and data pins from —1V to Vcc +1V. 

Standby Current (Isp) = OA (<900nA). 


(2 
(3 
(4 
(5 


ee i at 
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CAT24C01/02/04/08/16 


A.C. CHARACTERISTICS 
Voc = +1.8V to +6.0V, unless otherwise specified. 


Read & Write Cycle Limits | | 


T1) Noise Suppression Time 
Constant at SCL, SDA Inputs 
















Min. | 
| 
r= Base 

and ACK Out 

a New Transmission Can Start 

(for a Repeated Start Condition) 
-“woowr | DalainHoldTine | 
Pw) | SbAand SCL RiseTing | 
/w) | soaanascuFartine | 


Stop Condition Setup Time 
Data Out Hold Time 


Clock High Period 





fd 
ae 
a 
Ce! 
ca 
be 
oa 





Power-Up Timing )(2) 





Write Cycle Limits 


Write Cycle Time 





The write cycle time is the time from a valid stop interface circuits are disabled, SDA is allowed to remain 
- condition of a write sequence to the end of the internal high, and the device does not respond to its slave 
program/erase cycle. During the write cycle, the bus address. 

Note: 


(1) This parameter is tested initially and after a design or process change that affects the parameter. 
(2) tpyr and tpyw are the delays required from the time Vcc is stable until the specified operation can be initiated. 
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CAT24C01/02/04/08/16 


FUNCTIONAL DESCRIPTION 


The CAT24C01/02/04/08/16 supports the I?C Bus data 
transmission protocol. This Inter-Integrated Circuit Bus 
protocol defines any device that sends data to the bus to 
be a transmitter and any device receiving data to be.a 
receiver. Data transfer is controlled by the Master device 
which generates the serial clock and all START and 
STOP conditions for bus access. The CAT24C01/02/04/ 
08/16 operates as a Slave device. Both the Master and 
Slave devices can operate as either transmitter or re- 
ceiver, but the Master device controls which mode is 
activated. A maximum of 8 devices (24C01 and 24C02), 
4 devices (24C04), 2 devices (24C08) and 1 device 
(24C16) may be connected to the bus as determined by 
the device address inputs AO, A1, and A2. 


PIN DESCRIPTIONS 
SCL: Serial Clock : 


The CAT24C01/02/04/08/16 serial clock input pin is 


used to clock all data transfers into or out of the device. 
This is an input pin. 


SDA: Serial Data/Address 

The CAT24C01/02/04/08/16 bidirectional serial data/ 
address pin used to transfer data into and out of the 
device. The SDA pin is an open drain output and can be 
wire-ORed with other open drain or open collector 
outputs. 


AO, A1, A2: Device Address Inputs 

These inputs set device address when cascading mul- 
tiple devices. A maximum of eight devices can be 
cascaded when using either 24C01 or 24C02 device. All 
three address pins are used for these densities. 





Figure 1. Bus Timing tr 


STOP 
CONDITION 


Figure 3. Start/Stop Timing 


SDA | 


START BIT 






5020 FHD F03 


ADDRESS | 


START 
CONDITION 
5020 FHD F04 


STOP BIT 


5020 FHD FOS ~ 


A total of four devices can be addressed on a single bus 
when using 24C04 device. Only A1 and A2 address pin 
are used with this device. The AO address pin must be 
tied to Vss. 


Only two devices can be cascaded when using 24C08. 
The only address pin used with this device is A2. The 
other two address pins (AO, A1) must be tied to Vss. 


The 24C16 is a stand alone device. In this case, all 
address pins (AO, A1, A2) must be tied to Vss. 


I2¢ BUS PROTOCOL 


The following defines the features of the I?C bus proto- 
col: 


(1) Data transfer may be initiated only when the bus is 
not busy. 


(2) During a data transfer, the data line must remain 
stable whenever the clock line is high. Any changes 
in the data line while the clock line is high will be 
interpreted as a START or STOP condition. 


START Condition 


The START Condition precedes all commands to the 
device, and is defined as a HIGH to LOW transition of 
SDA when SCL is HIGH. The CAT24C01/02/04/08/16 
monitor the SDA and SCL lines and will not respond until 
this condition is met. 


STOP Condition 


A LOW to HIGH transition of SDA when SCL is HIGH 
determines the STOP condition. All operations must end 
with a STOP condition. 


Figure 4. Acknowledge Timing 


SCL FROM 
MASTER 


DATA OUTPUT 
FROM TRANSMITTER 


DATA OUTPUT 
FROM RECEIVER 


START 


Figure 5. Slave Address Bits 


CAT24C01/02/04/08/16 


DEVICE ADDRESSING 


The bus Master begins a transmission by sending a 
START condition. The Master then sends the address 
of the particular slave device it is requesting. The four 
most significant bits of the 8-bit slave address are fixed 
as 1010 for the CAT24C01/02/04/08/16 (see Fig. 5). 
The next three significant bits (A2, A1, AO) are the device 
address bits and define which device or which part of the 
device the Master is accessing. Up to eight CAT24C01/ 
02, four CAT24C04, two CAT24C08, andone CAT24C16 
may be individually addressed by the system. The last 
bit of the slave address specifies whether a Read or 
Write operation is to be performed. When this bit is set 
to 1, a Read operation is selected, and when set to 0, a 
Write operation is selected. 


After the Master sends a START condition and the slave 
address byte, the CAT24C01/02/04/08/16 monitor the 
bus and responds with an acknowledge (on the SDA | 
line) when its address matches the transmitted slave 
address. The CAT24C01/02/04/08/16 then perform a 
Read or Write operation depending on the state of the 
R/W bit. 


Acknowledge 


After a successful data transfer, each receiving device is 
required to generate an acknowledge. The Acknowledg- 
ing device pulls down the SDA line during the ninth clock 
cycle, signaling that it received the 8 bits of data. 


The CAT24C01/02/04/08/16 respond with an acknowl- 
edge after receiving a START condition and its slave 
address. If the device has been selected along with a 
write operation, it responds with an acknowledge after 
receiving each 8-bit byte. 


ACKNOWLEDGE 
5020 FHD F06 


pt fof [oe [a [at] 20 | raw] 


——__. YY 
DEVICE ADDRESS 
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CAT24C01/02/04/08/16 


When the CAT24C01/02/04/08/16 begins a READ mode, 
it transmits 8 bits of data, releases the SDA line, and 
monitors the line for an acknowledge. Once it receives 
this acknowledge, the CAT24C01/02/04/08/16 will con- 
tinue to transmit data. If no acknowledge is sent by the 
Master, the device terminates data transmission and 
waits for a STOP condition. 


WRITE OPERATIONS 


Byte Write 


In the Byte Write mode, the Master device sends the 
START condition and the slave address information 
(with the R/W bit set to zero) to the Slave device. After 
the Slave generates an acknowledge, the Master sends 
the byte address that is to be written into the address 
pointer of the CAT24C01/02/04/08/16. After receiving 
another acknowledge from the Slave, the Master device 
transmits the data byte to be written into the addressed 
memory location. The CAT24C01/02/04/08/16 acknowl- 
edge once more and the Master generates the STOP 
condition, at which time the device begins its internal 
programming cycle to nonvolatile memory. While this 
internal cycle is in progress, the device will not respond 
to any request from the Master device. 


Page Write 


The CAT24C01/02 writes up to 8 bytes of data, 
CAT24C04/08/16 writes up to 16 bytes of data, in a 


Figure 6. Byte Write Timing 


S 
7 
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XO> 


Figure 7. Page Write Timing 


BUS ACTIVITY: SLAVE BYTE 
MASTER ADDRESS ADDRESS (n) 
aa aa 


AQY 


one ULL Pod 


A 
C 
K 


single write cycle, using the Page Write operation. The 
Page Write operation is initiated in the same manner as 
the Byte Write operation, however instead of terminating 
after the initial word is transmitted, the Master is allowed 
to send up to P (P= 7 for24C01/02 and P = 15 for 24C04/ 
08/16) additional bytes. After each byte has been trans- 
mitted the CAT24C01/02/04/08/16 will respond with an 
acknowledge, and internally increment the low order 
address bits by one. The high order bits remain un- 
changed. 


If the Master transmits more than P+1 bytes prior to 
sending the STOP condition, the address counter ‘wraps . 
around’, and previously transmitted data will be over- 
written. 


Once all P+1 bytes are received and the STOP condition | 
has been sent by the Master, the internal programming 
cycle begins. At this point all received data is written to 
the CAT24C01/02/04/08/16 in a single write cycle. — 


Acknowledge Polling 


The disabling of the inputs can be used to take advan- 
tage of the typical write cycle time. Once the stop 
condition is issued to indicate the end of the host’s write 
operation, the CAT24C01/02/04/08/16 initiate the inter- 
nal write cycle. ACK polling can be initiated immediately. 
This involves issuing the start condition followed by the 
slave address for a write operation. Ifthe CAT24C01/02/ 
04/08/16 is still busy with the write operation, no ACK will 


U0} VvOHM | 


AOL 
AOL 


5020 FHD F08 


DATA n+1 DATA n+P 


AO} 


A 
Cc 
K 


NOTE: IN THIS EXAMPLE n = XXXX 0000(B); X = 1 or 0 


P=7 for CAT24C01/02 and P=15 for CAT24C 04/08/16 
* = Don't care for 24C01 


5020 FHD FO9 


be returned. If the CAT24C01/02/04/08/16 has com- 
pleted the write operation, an ACK will be returned and 
the host can then proceed with the next read or write 
operation. 


READ OPERATIONS 


The READ operation for the CAT24C01/02/04/08/16 is 
initiated in the same manner as the write operation with 
the one exception that the R/W bit is set to a one. Three 
different READ operations are possible: Immediate Ad- 
dress READ, Selective READ and Sequential READ. 


Immediate Address Read 


The CAT24C01/02/04/08/16’s address counter con- 
tains the address of the last byte accessed, incremented 
by one. In other words, if the last READ or WRITE 
access was to address N, the READ immediately follow- 
ing would access data from address N+1. If N=E (where 
E = 127 for 24C01, 255 for 24C02, 511 for 24C04, 1023 
for 24C08, and 2047 for 24C16), then the counter will 
‘wrap around’ to address O and continue to clock out 
data. After the CAT24C01/02/04/08/16 receives its slave 
address information (with the R/W bit set to one), it 
issues an acknowledge, then transmits the 8-bit byte 
requested. The master device does not send an ac- 
knowledge but will generate a STOP condition. 


Selective Read 


Selective READ operations allow the Master device to 
select at random any memory location for a READ 
operation. The Master device first performs a ‘dummy’ 


Figure 8. Immediate Address Read Timing 


S 
T 
BUS ACTIVITY: A SLAVE 
MASTER R- ADDRESS 
co 


SDA LINE sl 


CAT24C01/02/04/08/16 


write operation by sending the START condition, slave 
address and byte address of the location it wishes to 
read. After the CAT24C01/02/04/08/16 acknowledge 
the word address, the Master device resends the START 
condition and the slave address, this time with the R/W 
bit set to one. The CAT24C01/02/04/08/16 then re- 
sponds with its acknowledge and sends the 8-bit byte 
requested. The master device does not send an ac- 
knowledge but will generate a STOP condition. 


Sequential Read 


The Sequential READ operation can be initiated by 
either the Immediate Address READ or Selective READ 
operations. After the CAT24C01/02/04/08/16 sends the 
initial 8-bit byte requested, the Master will respond with 
an acknowledge which tells the device it requires more 
data. The CAT24C01/02/04/08/16 will continue to out- 
put an 8-bit byte for each acknowledge sent by the 
Master. The operation will terminate operation when the 
Master fails to respond with an acknowledge, thus 
sending the STOP condition. 


The data being transmitted from the CAT24C01/02/04/ 
08/16 is outputted sequentially with data from address N 
followed by data from address N+1. The READ opera- 
tion address counter increments all of the CAT24C01/ 
02/04/08/16 address bits so that the entire memory 
array can be read during one operation. If more than the 
E bytes are read out, the counter will “wrap around” and 
continue to clock out data bytes. 


|U}] VOHM 


SDA X stHet / BIT : \ / 


DATA OUT 


NO ACK | -sToP 
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CAT24C01/02/04/08/16 


Figure 9. Selective Read Timing 
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Figure 10. Sequential Read Timing 
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5020 FHD F12 
ORDERING INFORMATION 
Prefix Device # | | Suffix 
CAT 24C02 J ‘| 25 TE7 















Product Number 


Temperature Range Tape & Reel 
24C01: 1K 


Blank = Commercial (0°C to +70°C) TE7: 500/Reel 
_| | = Industrial (-40°C to +85°C) TE13: 2000/Reel 


24C02: 2K 
24C04: 4K 
24C08: 8K 
24C16: 16K 





Package Operating Voltage 
P: PDIP Blank: 4.5V - 5.5V 
J: SOIC (JEDEC) 2. 7: 2.7V - 2 OV 
J14: SOIC (JEDEC) 


24CXX F14 


Notes: | 


(1) The device used in the above example is a 24C02JI-2.5TE7 (SOIC, | Industrial etal 2.5 Volt to 6 Volt Operating voltage, 
Tape & Reel) 
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CAT24WC01/02/04/08/16 


1K/2K/4K/8K/16K-Bit Serial E7PROM 


FEATURES 


@ 400 KHZ I?C Bus Compatible* 
m@ 1.8 to 6.0Volt Operation 

m Low Power CMOS Technology 
m Hardware Write Protect 

m Page Write Buffer 


DESCRIPTION 


The CAT24WC01/02/04/08/16 is a 1K/2K/4K/8K/16K- 
bit Serial CMOS E?PROM internally organized as 128/ 
256/512/1024/2048 words of 8 bits each. Catalyst’s 
advanced CMOS technology substantially reduces de- 
vice power requirements. The CAT24WC01/02 features 
an 8-byte page write buffer, and the CAT24WC04/08/16 


PIN CONFIGURATION 


SOIC Package (J14) 





5027 FHD F01 
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PIN FUNCTIONS 


| PinName | Function 
WP 
Vec 

Ss 

















We | Write Protect 
P Voc +1.8V to +6.0V Power Supply 


m Self-Timed Write Cycle with Auto-Clear 

m@ 100,000 Program/Erase Cycles 

m 100 Year Data Retention 

@ 8-pin DIP, 8-pin SOIC or 14-pin SOIC Package 

= Commercial and Industrial Temperature Ranges 


features an 16-byte page write buffer. The device oper- 
ates via the I@C bus serial interface, has a special write 
protection feature, and is available in 8-pin DIP, 8-pin 
SOIC or 14-pin SOIC packages. 


BLOCK DIAGRAM 


EXTERNAL LOAD 


- SENSE AMPS 
t pi SHIFT REGISTERS 










Voc LD 
WORD ADDRESS | COLUMN 
V 
START/STOP 
SDA 
_ LOGIC 
XDEC E2PROM 
CONTROL | 
WP | _> LOGIC 
ef DATA IN STORAGE 
= ince ae 
TIMING CONTROL 
SCL. [> STATE COUNTERS 
Ag L SLAVE 
Ai |_>D ADDRESS 
Ao [> COMPARATORS 
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* Catalyst Semiconductor is licensed by Philips Corporation to carry the !12@C Bus Protocol. 


© 1996 by Catalyst Semiconductor, Inc. 


Characteristics subject to change without notice 





CAT24WC01/02/04/08/16 


ABSOLUTE MAXIMUM RATINGS* 


“COMMENT 





Temperature Under Bias...............-.- —55°C to +125°C Stresses above those listed under “Absolute Maximum 

Storage Temperature ..........cccccee —65°C to +150°C Ratings’ may cause permanent damage to the device. 

Voltage on Any Pin with 7 These are stress ratings only, and functional operation of 
Respect to Ground™) —2.0V to +Vcc + 2.0V te coe “ mess oF a one! eoparons aan ot nese 

are listed in the operational sections of this specification is not 

Voc with Respect to Ground rrerrer rrr Try —2.0V to +7.0V implied. Exposure to any absolute maximum rating for 

Package Power Dissipation extended periods may affect device performance and 
Capability (Ta = 25°C) ........cccceseeeseeeeseneees 1.0W reliability. 7 , 

Lead Soldering Temperature (10 secs) ............ 300°C . 

Output Short Circuit Current woo 100mA 


RELIABILITY CHARACTERISTICS 


mae 












Vzap) ESD Susceptibility 2000 


D.C. OPERATING CHARACTERISTICS 
Voc = +1.8V to +6.0V, unless otherwise specified. 


Latch-up 










Limits 














Parameter 


nied 

[169 | Standby Curent Veo=50) | 
an sem 

a 


Test Conditions 


ese! 
pT 8 BA | Vv=GNDorVoo | 
pf 10 | BA | Vi= GND to Voc | 
pf 10 | A | Your= GND to Voo 
ces 
aw 
ae 
pw 





anne 
— 








Voit Output Low Voltage (Vcc = 3.0V) 


Output Low Voltage (Vcc = 1.8V) 










Input Capacitance (AO, A1,A2,SCL,WP)| 6 Vin = OV 


Note: 

(1) The minimum DC input voltage is -0.5V. During transitions, inputs may undershoot to —2.0V for periods of less than 20 ns. Maximum DC 
voltage on output pins is Voc +0.5V, which may overshoot to Vcc + 2.0V for periods of less than 20ns. 

(2) Output shorted for no more than one second. No more than one output shorted at a time. 

(3) This parameter is tested initially and after a design or process change that affects the parameter. 

(4) Latch-up protection is provided for stresses up to 100 mA on address and data pins from —1V to Voc +1V. 

(5) Standby Current (Isp) = OWA (<900nA). 
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CAT24WC01/02/04/08/16 


A.C. CHARACTERISTICS 
Vcc = +1.8V to +6.0V, unless otherwise specified. 


Read & Write Cycle Limits 


Symbol Parameter Vec=1.8V - 6V 


Clock Frequency el 100 
| ae Noise Suppression Time 2 
Constant at SCL, SDA Inputs 

ta SCL Low to SDA Data Out 
and ACK Out 
taue" Time the Bus Must be Free Before 
a New Transmission Can Start 













Voc=4.5V - 5.5V 


00 
















Start Condition Hold Time 
Clock Low Period . 


Clock High Period 


| Min. | 
pet 
| 0.6 
p12 
Start Condition Setup Time a 
(for a Repeated Start Condition) 
Data In Hold Time Ls 7 
Data In Setup Time 
SDA and SCL Rise Time 


(1) 
A 
) 4.7 
. 4 
4.7 
. 4 
, 4.7 
; 
| a 
SDA and SCL Fall Time ae: 
OH | 100 


40 
00 2 
3.5 1 
1 0.3 
0 300 
Stop Condition Setup Time 
Data Out Hold Time 


Power-Up Timing((2) 


100 


1.2 
12 
| 
ia 
06 









Write Cycle Limits 


10 





Write Cycle Time 


The write cycle time is the time from a valid stop interface circuits are disabled, SDA is allowed to remain 
condition of a write sequence to the end of the internal high, and the device does not respond to its slave 
program/erase cycle. During the write cycle, the bus address. 

Note: 


(1) This parameter is tested initially and after a design or process change that affects the parameter. 
(2) tpyR and tpyw are the delays required from the time Vcc is stable until the specified operation can be initiated. 
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CAT24WC01/02/04/08/16 


FUNCTIONAL DESCRIPTION 


The CAT24WC01/02/04/08/16 supports the I?C Bus 
data transmission protocol. This Inter-Integrated Circuit 
Bus protocol defines any device that sends data to the 
bus to be a transmitter and any device receiving data to 
be a receiver. Data transfer is controlled by the Master 
device which generates the serial clock and all START 
and STOP conditions for bus access. The CAT24WC01/ 
02/04/08/16 operates as a Slave device. Both the Mas- 
ter and Slave devices can operate as either transmitter 
or receiver, but the Master device controls which mode 
is activated. A maximum of 8 devices (24WC01 and 
24WC02), 4 devices (24WC04), 2 devices (24WC08) 
and 1 device (24WC16) may be connected to the bus as 
determined by the device address inputs AO, A1, and A2. 


Figure 1. Bus Timing te THIGH 


ISU:STA 


SDAIN 


SDAOUT XXXII 


Figure 2. Write Cycle Timing 


X 8sTHBIT 


BYTE n 


STOP 
CONDITION 


Figure 3. Start/Stop Timing | | 


SDA | 


SCL | | 


START BIT 


PIN DESCRIPTIONS 


SCL: Serial Clock 

The CAT24WC01/02/04/08/16 serial clock input pin is 
used to clock all data transfers into or out of the device. 
This is an input pin. : | 

SDA: Serial Data/Address 

The CAT24WC01/02/04/08/16 bidirectional serial data/ 
address pin is used to transfer data into and out of the 
device. The SDA pin is an open drain output and can be 
wire-ORed with other open drain or open collector 
outputs. 


AO, A1, A2: Device Address Inputs : 
These inputs set device address when cascading mul- 
tiple devices. A maximum of eight devices can be 
cascaded when using either 24WC01 or 24WC02 de- 
vice. All three address pins are used for these densities. 


tR 






5020 FHD F03 





ADDRESS 


START 
CONDITION | 
5020 FHD F04 


STOP BIT 5020 FHD F05 


A total of four devices can be addressed on a single bus 
when using 24WC04 device. Only A1 and A2 address 
pins are used with this device. The AO address pin must 
be tied to Vss. 


Only two devices can be cascaded when using 24WC08. 
The only address pin used with this device is A2. The 
other two address pins (AO, A1) must be tied to Vss. 


The 24WC16 is a stand alone device. In this case, all 
address pins (AO, A1, A2) must be tied to Vss. 


WP: Write Protect 

If the WP pin is tied to Vcc the entire memory array 
becomes Write Protected (READ only). When the WP 
pin is tied to Vss normal read/write operations are 
allowed to the device. 


I2?¢ BUS PROTOCOL 


The following defines the features of the I?C bus proto- 
col: 


(1) Data transfer may be initiated only when the bus is 
not busy. 


(2) During a data transfer, the data line must remain 
stable whenever the clock line is high. Any changes 
in the data line while the clock line is high will be 
interpreted as a START or STOP condition. 


START Condition 


The START Condition precedes all commands to the 
device, and is defined as a HIGH to LOW transition of 


Figure 4. Acknowledge Timing 


CAT24WC01/02/04/08/16 


SDA when SCL is HIGH. The CAT24WC01/02/04/08/16 
monitor the SDA and SCL lines and will not respond until 
this condition is met. 


STOP Condition 


A LOW to HIGH transition of SDA when SCL is HIGH 
determines the STOP condition. All operations must end 
with a STOP condition. 


DEVICE ADDRESSING 


The bus Master begins a transmission by sending a 
START condition. The Master then sends the address 
of the particular slave device it is requesting. The four 
most significant bits of the 8-bit slave address are fixed 
as 1010 for the CAT24WC01/02/04/08/16 (see Fig. 5). 
The next three significant bits (A2, A1, AO) are the device 
address bits and define which device or which part of the 
device the Master is accessing. Upto eight CAT24WC01/ 
02, four CAT24WC04, two CAT24WCO08, and one 
CAT24WC16 may be individually addressed by the 
system. The last bit of the slave address specifies 
whether a Read or Write operation is to be performed. 
When this bit is set to 1, a Read operation is selected, 
and when set to 0, a Write operation is selected. 


After the Master sends a START condition and the slave 
address byte, the CAT24WC01/02/04/08/16 monitors 
the bus and responds with an acknowledge (on the SDA 
line) when its address matches the transmitted slave 
address. The CAT24WC01/02/04/08/16 then performs 
a Read or Write operation depending on the state of the 
R/W bit. 


MASTER! 


DATAOUTPUT —\ : 
FROM TRANSMITTER} 


DATA OUTPUT 
FROM RECEIVER 


START 


Figure 5. Slave Address Bits 


panera. = 


ACKNOWLEDGE . 
5020 FHD F06 





pt fol fo [ae [a] a0 [rv 


UE aEESERSnASESIEEEEEEEeaen “aaeeeneenenenenmeeeneent 
DEVICE ADDRESS 
5022 FHD F07 
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CAT24WC01/02/04/08/16 | 


Acknowledge | 


After a successful data transfer, each receiving device is 
required to generate an acknowledge. The Acknowledg- 
ing device pulls down the SDA line during the ninth clock 
cycle, signaling that it received the 8 bits of data. 


The CAT24WC01/02/04/08/16 responds with an ac- 
knowledge after receiving a START condition and its 
slave address. If the device has been selected along 
with a write operation, it responds with an acknowledge 
after receiving each 8-bit byte. 


When the CAT24WC01/02/04/08/16 is ina READ mode 
it transmits 8 bits of data, releases the SDA line, and 
monitors the line for an acknowledge. Once it receives 
this acknowledge, the CAT24WC01/02/04/08/16 will 
continue to transmit data. If no acknowledge is sent by 
the Master, the device terminates data transmission and 
waits for a STOP condition. 


WRITE OPERATIONS 


Byte Write 


In the Byte Write mode, the Master device sends the 
START condition and the slave address information 
(with the R/W bit set to zero) to the Slave device. After 
the Slave generates an acknowledge, the Master sends 
the byte address that is to be written into the address 
pointer of the CAT24WC01/02/04/08/16. After receiving 
another acknowledge from the Slave, the Master device 


Figure 6. Byte Write Timing 


transmits the data byte to be written into the addressed 
memory location. The CAT24WC01/02/04/08/16 ac- 
knowledge once more and the Master generates the 
STOP condition, at which time the device begins its 
internal programming cycle to nonvolatile memory. While 
this internal cycle is in progress, the device will not 
respond to any request from the Master device. 


Page Write 


The CAT24WC01/02 writes up to 8 bytes of data, and 
CAT24WC04/08/16 writes up to 16 bytes of data ina 


‘single write cycle, using the Page Write operation. The 


Page Write operation is initiated in the same manner as 
the Byte Write operation, however instead of terminating 
after the initial word is transmitted, the Master is allowed 
to send up to P (P=7 for 24WC01/02 and P=15 for 


CAT24WC04/08/16) additional bytes. After each byte 


has been transmitted the CAT24WC01/02/04/08/16 will 
respond with an acknowledge, and internally increment 
the low order address bits by one. The high order bits 
remain unchanged. 


If the Master transmits more than P+1 bytes prior to 
sending the STOP condition, the address counter ‘wraps 
around’, and previously transmitted data will be over- 
written. 


Once all P+1 bytes are received and the STOP condition 
has been sent by the Master, the internal programming 
cycle begins. At this point all received data is written to 
the CAT24WC01/02/04/08/16 in a single write cycle. 


S 
T S 
BUS ACTIVITY: A SLAVE BYTE is 
MASTER a ADDRESS ADDRESS DATA . 
sane BULL El 
A A A 
C C C 
K K K 
5020 FHD F08 
. 
Figure 7. Page Write Timing 
S 
1 S 
BUS ACTIVITY: A SLAVE BYTE T 
MASTER R- ADDRESS ADDRESS (n) DATA n DATA n+1 DATAn+P O 
SDALINE mid IN Sapeanad | banemend (nemReaaE | edeendD : 


AOS 


NOTE: IN THIS EXAMPLE n = XXXX 0000(B); X 


ia 7 for CAT24WC01/02 and P=15 for CREA WGC 16 
= Don't care for CAT24WCO1 


AY 


A 
C 
K 


AQY 
AOL 


=1ord 
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Acknowledge Polling 


The disabling of the inputs can be used to take advan- 
tage of the typical write cycle time. Once the stop 
condition is issued to indicate the end of the host’s write 
operation, the CAT24WC01/02/04/08/16 initiates the 
internal write cycle. ACK polling can be initiated imme- 
diately. This involves issuing the start condition followed 
by the slave address for a write operation. If the 
CAT24WC01/02/04/08/16 is still busy with the write 
operation, no ACK will be returned. If the CAT24WC01/ 
02/04/08/16 has completed the write operation, an ACK 
will be returned and the host can then proceed with the 
next read or write operation. 


WRITE PROTECTION 


The Write Protection feature allows the user to protect 
against inadvertent programming of the memory array. 
If the WP pin is tied to Vcc, the entire memory array is 
protected and becomes read only. The CAT24WC01/ 
02/04/08/16 will accept both slave and byte addresses, 
but the memory location accessed is protected from 
programming by the device’s failure to send an acknowl- 
edge after the first byte of data is received. 


READ OPERATIONS 


The READ operation for the CAT24WC01/02/04/08/16 
is initiated in the same manner as the write operation 
with the one exception that the R/W bit is set to a one. 
Three different READ operations are possible: Immedi- 
ate Address READ, Selective READ and Sequential 
READ. 


Figure 8. Immediate Address Read Timing 


CAT24WC01/02/04/08/16 


_ Immediate Address Read 


The CAT24WC01/02/04/08/16’s address counter con- 
tains the address of the last byte accessed, incremented 
by one. In other words, if the last READ or WRITE 
access was to address N, the READ immediately follow- 
ing would access data from address N+1. If N=E (where 
E = 127 for 24WC01, 255 for 24WC02, 511 for 24WC04, 
1023 for 24WCO08, and 2047 for 24WC16), then the 
counter will ‘wrap around’ to address 0 and continue to 
clock out data. After the CAT24WC01/02/04/08/16 re- 
ceives its slave address information (with the R/W bit set 
to one), it issues an acknowledge, then transmits the 8- 
bit byte requested. The master device does not send an 
acknowledge but will generate a STOP condition. 


Selective Read 


Selective READ operations allow the Master device to 
select at random any memory location for a READ 
operation. The Master device first performs a ‘dummy’ 
write operation by sending the START condition, slave 
address and byte address of the location it wishes to 
read. After the CAT24WC01/02/04/08/16 acknowledge 
the word address, the Master device resends the START 
condition and the slave address, this time with the R/W 
bit set to one. The CAT24WC01/02/04/08/16 then re- 
sponds with its acknowledge and sends the 8-bit byte 
requested. The master device does not send an ac- 
knowledge but will generate a STOP condition. 


Sequential Read 


The Sequential READ operation can be initiated by 
either the Immediate Address READ or Selective READ 
operations. After the CAT24WC01/02/04/08/16 sends 





S 
T S 
BUS ACTIVITY: A SLAVE u) 
MASTER R- ADDRESS : 
SS Sen 
soaune LLL CIF 
A ee N 
C DATA O 
K 
A 
C 
K 


I 
! 
See ce sree oe | 
SDA Xena / BIT \ fo 2 
DATA OUT NO ACK | STOP } 
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CAT24WC01/02/04/08/16 


the initial 8-bit byte requested, the Master will respond 
with an acknowledge which tells the device it requires 
more data. The CAT24WC01/02/04/08/16 will continue 
to output an 8-bit byte for each acknowledge sent by the | 
Master. The operation is terminated when the Master 
fails to respond with an acknowledge, thus sending the 





STOP condition. more than the E bytes are read out, the counter will © 
“wrap around” and continue to clock out data bytes. 
Figure 9. Selective Read Timing 
| S S 
| T T S 
BUS ACTIVITY: A SLAVE BYTE A SLAVE T 
MASTER R- ADDRESS ADDRESS (n) in ADDRESS 2 
soaune BLT Eo Ad 
A So ee NN 
A C . - DATAn O 
K K K 
A 
C 
* = Don't Care for 24WC01 * 5020 FHD F11 
Figure 10. Sequential Read Timing 
S 
BUS ACTIVITY: SLAVE T 
MASTER ADDRESS DATAn DATA n+1 DATA n+2 DATA n+x 0 
SDA LINE 


ORDERING INFORMATION 


The data being transmitted from the CAT24WC01/02/ 
04/08/16 is outputted sequentially with data from ad- 
dress N followed by data from address N+1. The READ 
operation address counter increments all of the 
CAT24WC01/02/04/08/16 address bits so that the en- 
tire memory array can be read during one operation. If 


5020 FHD Fi2 


| Prefix | Device # | Suffix 


CAT 24WC02 J 


Product Number 
24WC01: 1K 


24WC02: 2K 
24WC04: 4K 
24WCO08: 8K 
24WC16: 16K 





| Package 
P: PDIP 
J: SOIC (JEDEC) 


Notes: 






Temperature Range 
Blank = Commercial (0°C to +70°C) 
| = Industrial (-40°C to +85°C) 


J14: SOIC (JEDEC) 


TE7 


| “2.5 










Tape & Reel 
TE7: 500/Reel 
TE13: 2000/Reel 







Operating Voltage 
Blank: 4.5V - 5.5V 
2.7: 2.7V - 6.0V 

2.5: 2.5V - 6.0V | 
1.8: 1 


SO: 
.8: 1.8V - 6:0V 





, 24WCXX F14 


(1) The device used in the above example is a 24WCO02uI-2.5TE7 (SOIC, Industrial Temperature, 2.5 Volt to 6 Volt Operating 


Voltage, Tape & Reel) 
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CAT24C32/64 


32K/64K-Bit Serial CMOS E?7PROM 


FEATURES 


m 400 KHz I?C Bus Compatible* 

m 1.8 to 6 Volt Operation 

m Low Power CMOS Technology 

m@ 32-Byte Page Write Buffer 

m= Commercial and Industrial Temperature Ranges 


DESCRIPTION 


The CAT24C32/64 is a 32K/64K-bit Serial CMOS 
E?PROM internally organized as 4096/8192 words of 8 
bits each. Catalyst’s advanced CMOS technology sub- 
stantially reduces device power requirements. The 


PIN CONFIGURATION 


DIP Package (P) 





5021 FHD FO1R 


PIN FUNCTIONS 
AO, A1, A2 | Device Address Inputs 
Serial Data/Address 






Serial Clock 


Vss 






+1.8V to +6V Power Supply 






Ground oe 


I] CATALYST 


SEMICONDUCTOR 





m@ Self-Timed Write Cycle with Auto-Clear | 
m@ 100,000 Program/Erase Cycles 
m 100 Year Data Retention a 


m@ 8-Pin DIP or 8-Pin SOIC 


CAT24C32/64 features a 32-byte page write buffer. The 
device operates via the I?C bus serial interface and is 
available in 8-pin DIP or 8-pin SOIC packages. 


BLOCK DIAGRAM 


EXTERNAL LOAD 


LDOUT 
ACK 







SENSE AMPS 
SHIFT REGISTERS 






Voc LD 
vss > 
256 
. 


E2PROM 
XDEC | 128/256 | 408/056 Xx 256 





CONTROL 
LOGIC 


ed DATA IN STORAGE 
HIGH VOLTAGE/ 
TIMING CONTROL 


SCL LD STATE COUNTERS 


Ag LD SLAVE 
A1 LD ADDRESS 
A2 LD COMPARATORS 





24C032/64 F02 


* Catalyst Semiconductor is licensed by Philips Corporation to carry the I2C Bus Protocol. 


© 1996 by Catalyst Semiconductor, Inc. 


Characteristics subject to change without notice 
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CAT24C32/64 | 


ABSOLUTE MAXIMUM RATINGS* 
Temperature Under Bias................... —55°C to +125°C 


Storage Temperature .........secseceeees —65°C to +150°C 
Voltage on Any Pin with | 


Preliminary 


*COMMENT 


Stresses above those listed under “Absolute Maximum 
Ratings” may cause permanent damage to the device. — 
These are stress ratings only, and functional operation of 
the device at these or any other conditions outside of those 





Respect to Ground" ........... —2.0V to +Vcc + 2.0V listed in the operational sections of this specification is not 
Vcc with Respect to Ground ............... —2.0V to +7.0V implied. Exposure to any absolute maximum rating for 
6 tas ae extended periods may affect device performance and 
Package Power Dissipation reliability . | 
Capability (Ta = 25°C) oo .cecec cece ecseeceseeeeeees 1.0W 
Lead Soldering Temperature (10 secs) ee 300°C 
Output Short Circuit Current® oo... wees 100MA 


RELIABILITY CHARACTERISTICS 










Parameter | Min, =| Max. | Units Reference Test Method 
100,000 | —_—| Cycles/Byte | MIL-STD-883, Test Method 1033 
Data Retention | 100 | | Years | MIL-STD-883, Test Method 1008 
ESD Susceptibility 2000 pT Volts MIL-STD-883, Test Method 3015 © 


D.C. OPERATING CHARACTERISTICS | 
Vcc = +1.8V to +6.0V, unless otherwise specified. 


Oats 
cc [Power Suppy Curent +t «|| 8 | mk 
[ 









re 









Test Conditions 
fscL_ = 100 KHz 
Vin = GND or Voc 


| Min. 
loo a 
ise) | Standby Current(Voo=5¥) | 

hy Imput Leakage Curent | 
No | OutputLeakage Current | 
Vecxos| vo | 
po 
Your | OutputLow Voltage Vec=+3.0v)] || Od 
ae ee 


Output Low Voltage (Vcc = +1.8V) lol = 1.5 mA 
CAPACITANCE Tp = 25°C, f = 1.0 MHz, Vcc = 5V 


A. 
A 

WA 

WA 


1 
2 















Symbol | Test, | Max, | Units it 
Cin®) Input Capacitance (AO, A1, A2, SCL) “6 | pF | nz ov 
Note: 


(1) The minimum DC input voltage is —0.5V. During transitions, inputs may undershoot to —2.0V for periods of less than 20 ns. Maximum DC 
voltage on output pins is Voc +0.5V, which may overshoot to Vcc + 2.0V for periods of less than 20ns. 
(2) Output shorted for no more than one second. No more than one output shorted at a time. 
(3) This parameter is tested initially and after a design or process change that affects the parameter. 
) 
) 





(4) Latch-up protection is provided for stresses up to 100 mA on address and data pins from -1V to Veco +1V. 
(5) Standby current (Isp ) = 0 pA (<900 nA). 


Preliminary | CAT24C32/64 


A.C. CHARACTERISTICS 


Vcc = +1.8V to +6V, unless otherwise specified. 
Output Load is 1 TTL Gate and 100pF 


Read & Write Cycle Limits 


™ 


Clock Peaucicy 
Noise Suppression Time 
Constant at SCL, SDA Inputs 
SCL Low to SDA Data Out 
and ACK Out 
taur!”) Time the Bus Must be Free Before 
a New Transmission Can Start 
Start Condition Hold Time 
Clock Low Period 
Clock High Period 
tsu:STA Start Condition Setup Time 
(for a Repeated Start Condition) 
Data In Hold Time 
Data In Setup Time 
ae SDA and SCL Rise Time 
Pte | SDA and SCL Fall Time 


Stop Condition Setup Time 
ia a Data Out Hold Time 


Vec = 1.8V-6V | Voc= 4.5V -5.5V 









10 


oO 









S 






cds 
N 








Ol 


— 
oO ak 
(o>) 


S 
ie) 
oO 
=) 


=k 
© 
(oe) 


100 








Power-Up Timing ()(2) 


Power-Up to Read Operation 
Power-Up to Write Operation 


Note: 
(1) This parameter is tested initially and after a design or process change that affects the parameter. 
(2) tpurR and tpyw are the delays required from the time Vcc is stable until the specified operation can be initiated. 










Write Cycle Limits 





Write Cycle Time | 


The write cycle time is the time from a valid stop interface circuits are disabled, SDA is allowed to remain 


condition of a write sequence to the end of the internal high, and the device does not respond to its slave 
program/erase cycle. During the write cycle, the bus address. 
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FUNCTIONAL DESCRIPTION 


The CAT24C32/64 supports the I?C Bus data transmis- 
sion protocol. This Inter-Integrated Circuit Bus protocol 
defines any device that sends data to the bus to be a 
transmitter and any device receiving data to be a re- 
ceiver. The transfer is controlled by the Master device 
which generates the serial clock and all START and 
STOP conditions for bus access. The CAT24C32/64 
operates as a Slave device. Both the Master device and 
Slave device can operate as either transmitter or re- 
ceiver, but the Master device controls which mode is 
activated. 


Figure 1. Bus Timing tf 


tSU:STA 


SDAIN 


Preliminary 


PIN DESCRIPTIONS 


SCL: Serial Clock . | 
The serial clock input clocks all data transferred into or 
out of the device. 


SDA: Serial Data/Address 

The bidirectional serial data/address pin is used to 
transfer all data into and out of the device. The SDA pin 
is an open drain output and can be wire-ORed with other 
open drain or open collector outputs. 


AO, A1, A2: Device Address Inputs 

These pins are hardwired or left unconnected (for hard- 
ware compatibility with CAT24C16). When hardwired, 
up to eight CAT24C32/64s may be addressed on a 
single bus system (refer to Device Addressing ). When 
the pins are unconnected, the default values are zeros. 


tr 





spaouT XOX 


Figure 2. Write Cycle Timing 


STOP 
CONDITION 


Figure 3. Start/Stop Timing | | 


SDA | 


SCL | | 


START BIT 


5020 FHD F03 





ADDRESS 


START 
CONDITION 5020 FHD F04 


STOP BIT ee tas 


Preliminary 


PC BUS PROTOCOL 


The features of the I?C bus protocol are defined as 
follows: . 


(1) Data transfer may be initiated only when the bus is 
not busy. 


(2) During a data transfer, the data line must remain 
stable whenever the clock line is high. Any changes 
in the data line while the clock line is high will be 
interpreted as a START or STOP condition. 


START Condition 


The START Condition precedes all commands to the 
device, and is defined as a HIGH to LOW transition of 
SDA when SCL is HIGH. The CAT24C32/64 monitors 
the SDA and SCL lines and will not respond until this 
condition is met. 


STOP Condition 


A LOW to HIGH transition of SDA when SCL is HIGH 
determines the STOP condition. All operations must end 
with a STOP condition. 


DEVICE ADDRESSING 


The bus Master begins a transmission by sending a 
START condition. The Master sends the address of the 
particular slave device it is requesting. The four most 
significant bits of the 8-bit slave address are fixed as 
1010 (Fig. 5). The next three bits (A2, A1, AQ) are the 
device address bits; up to eight 32K/64K devices may 


Figure 4. Acknowledge Timing 
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be connected to the same bus. These bits must com- 
pare to the hardwired input pins, A2, A1 and AO. The last 
bit of the slave address specifies whether a Read or 
Write operation is to be performed. When this bit is set 
to 1, a Read operation is selected, and when set to 0, a 
Write operation is selected. 


After the Master sends a START condition and the slave 
address byte, the CAT24C32/64 monitors the bus and 
responds with an acknowledge (on the SDA line) when 
its address matches the transmitted slave address. The 
CAT24C32/64 then performs a Read or Write operation 
depending on the state of the R/W bit. 


Acknowledge 


After a successful data transfer, each receiving device is 
required to generate an acknowledge. The Acknowledg- 
ing device pulls down the SDA line during the ninth clock 
cycle, signaling that it received the 8 bits of data. 


The CAT24C32/64 responds with an acknowledge after 
receiving aSTART condition and its slave address. If the 
device has been selected along with a write operation, 
it responds with an acknowledge after receiving each 8- 
bit byte. 


When the CAT24C 32/64 begins a READ mode it trans- 
mits 8 bits of data, releases the SDA line, and monitors 
the line for an acknowledge. Once it receives this ac- 
knowledge, the CAT24C 32/64 will continue to transmit 
data. If no acknowledge is sent by the Master, the device 
terminates data transmission and waits for a STOP 
condition. 
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WRITE OPERATIONS 


Byte Write 


In the Byte Write mode, the Master device sends the 
START condition and the slave address information 
(with the R/W bit set to zero) to the Slave device. After 
the Slave generates an acknowledge, the Master sends 
two 8-bit address words that are to be written into the 
address pointers of the CAT24C32/64. After receiving 
another acknowledge from the Slave, the Master device 


a transmits the data to be written into the addressed 


memory location. The CAT24C 32/64 acknowledges once 
more and the Master generates the STOP condition. At 
this time, the device begins an internal programming 
cycle to nonvolatile memory. While the cycle is in 
progress, the device will not respond to any request from 
the Master device. 


Page Write 


The CAT24C32/64 writes up to 32 bytes of data, in a 
single write cycle, using the Page Write operation. The 
page write operation is initiated in the same manner as 
the byte write operation, however instead of terminating 
after the initial byte is transmitted, the Master is allowed 
to send up to 31 additional bytes. After each byte has 


Figure 6. Byte Write Timing 
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been transmitted, CAT24C32/64 will respond with an 
acknowledge, and internally increment the five low order 
address bits by one. The nan order bits remain un-— 
changed. 


If the Master transmits more than 32 bytes before sending 
the STOP condition, the address counter ‘wraps around’, 
and previously transmitted data will be overwritten. 


When all 32 bytes are received, and the STOP condition 
has been sent by the Master, the internal programming 
cycle begins. At this point, all received data is written to 
the CAT24C32/64 in a single write cycle. 


Acknowledge Polling 


Disabling of the inputs can be used to take advantage of 
the typical write cycle time. Once the stop condition is 
issued to indicate the end of the host's write operation, 
CAT24C32/64 initiates the internal write cycle. ACK 
polling can be initiated immediately. This involves issu- 
ing the start condition followed by the slave address for 
a write operation. If CAT24C32/64 is still busy with the 
write operation, no ACK will be returned. If 
CAT24C32/64 has completed the write operation, an 
ACK will be returned and the host can then oes with 
the next read or write operation. 
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READ OPERATIONS 


The READ operation for the CAT24C 32/64 is initiated in 
the same manner as the write operation with one excep- 
tion, that R/W bit is set to one. Three different READ 
operations are possible: Immediate/Current Address 
READ, Selective/Random READ and Sequential READ. 


Immediate/Current Address Read 


The CAT24C32/64’s address counter contains the ad- 
dress of the last byte accessed, incremented by one. In 
other words, if the last READ or WRITE access was to 
address N, the READ immediately following would ac- 
cess data from address N+1. If N=E (where E=4095 for 
24C32 and E=8191 for 24C64), then the counter will 
‘wrap around’ to address 0 and continue to clock out 
data. After the CAT24C32/64 receives its slave address 
information (with the R/W bit set to one), it issues an 
acknowledge, then transmits the 8-bit byte requested. 
The master device does not send an acknowledge, but 
will generate a STOP condition. 


Selective/Random Read 


Selective/Random READ operations allow the Master 
device to select at random any memory location for a 
READ operation. The Master device first performs a 
‘dummy’ write operation by sending the START condi- 
tion, slave address and byte addresses of the location it 
wishes to read. After CAT24C 32/64 acknowledges, the 


Figure 8. Immediate Address Read Timing 
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Master device sends the START condition and the slave 
address again, this time with the R/W bit set to one. The 
CAT24C32/64 then responds with its acknowledge and 
sends the 8-bit byte requested. The master device does 
not send an acknowledge but will generate a STOP 
condition. 


Sequential Read 
The Sequential READ operation can be initiated by 


‘either the Immediate Address READ or Selective READ 


operations. After the CAT24C32/64 sends the initial 8- 
bit byte requested, the Master will respond with an 
acknowledge which tells the device it requires more 
data. The CAT24C32/64 will continue to output an 8-bit 
byte for each acknowledge sent by the Master. The 
operation will terminate when the Master fails to respond 
with an acknowledge, thus sending the STOP condition. 


The data being transmitted from CAT24C32/64 is out- 
putted sequentially with data from address N followed by 
data from address N+1. The READ operation address 
counter increments all of the CAT24C 32/64 address bits 
so that the entire memory array can be read during one 
operation. If more than E (where E=4095 for 24C32 and 
E=8191 for 24C64) bytes are read out, the counter will 
‘wrap around’ and continue to clock out data bytes. 


AQ 


A 
C 
K 


XROYF OZ [VI voOHMH 


NO ACK 


24C32/64 F10 





CAT24C32/64 a : Preliminary 





Figure 9. Selective Read Timing 
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ORDERING INFORMATION 


Prefix Device # . Suffix 


CAT 24032 













Product 


Temperature Range 
Blank = Commercial (0°C to +70° 0) 
| = Industrial (-40°C to +85°C) 


Tape & Reel 
TE7: 500/Reel 
TE13: 2000/Reel 


Number 
24C32: 32K 
24C64: 64K 





Package 


Operating Voltage 
P: PDIP 


Blank: 4.5V - 5.5V 





K: SOIC (EIAJ) 2.7: 2.7V - 6.0V 
J: SOIC (JEDEC) 2.5: 2.5V - 6.0V 
J14: SOIC (JEDEC) 1.8: 1.8V - 6.0V 





Notes: 


(1) The device used in the above example is a 24C32KI-2.5TE7 (SOIC, Industrial Temperature, 2.5 Volt to 6 Volt Operating Voltage, 
Tape & Reel) 
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CAT24WC32/64 


32K/64K-Bit Serial CMOS E*7PROM 


FEATURES 

400 KHz I?C Bus Compatible* 

1.8 to 6 Volt Operation 

Low Power CMOS Technology 

32-Byte Page Write Buffer 

Commercial and Industrial Temperature Ranges 


DESCRIPTION 


The CAT24WC32/64 is a 32K/64K-bit Serial CMOS 
E?PROM internally organized as 4096/8192 words of 8 
bits each. Catalyst’s advanced CMOS technology sub- 
stantially reduces device power requirements. The 


PIN CONFIGURATION 


DIP Package (P) 
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PIN FUNCTIONS 


[PinName | Funston 
Vss 

















+1.8V to +6V Power Supply 


[ves | God 


MINGATACYST 


Self-Timed Write Cycle with Auto-Clear 
Write Protect Feature 

100,000 Program/Erase Cycles 

100 Year Data Retention 

8-Pin DIP or 8-Pin SOIC 


CAT24WC32/64 features a 32-byte page write buffer. 
The device operates via the I?C bus serial interface and 
is available in 8-pin DIP or 8-pin SOIC packages. 


BLOCK DIAGRAM 


EXTERNAL LOAD 





SENSE AMPS 
SHIFT REGISTERS 


- Pout 
ACK 







Voc LO 
WORD ADDRESS COLUMN 
Vss L> BUFFERS DECODERS 
256 
START/STOP 
SDA L_> LOGIC | 
a : E2PROM 
XDEC | 128/256 | 108/056 x 256 
CONTROL 
WP lL > LOGIC 
as DATA IN STORAGE 
HIGH VOLTAGE/ 
TIMING CONTROL 
scL [> STATE COUNTERS 
Ao -. SLAVE 
Ai [_>—»| ADDRESS 
A2 -»| COMPARATORS 
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* Catalyst Semiconductor is licensed by Philips Corporation to carry the I2C Bus Protocol. 


© 1996 by Catalyst Semiconductor, Inc. 


Characteristics subject to change without notice 
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ABSOLUTE MAXIMUM RATINGS*  *COMMENT > 





Temperature Under Bias ..eeeessssssee.0 55°C to +125°C Stresses above those listed under “Absolute Maximum 
Storage Temperature ..............000.5. 65°C to +150°C peaende may snake Peupee eee oe oevice: 
— These are stress ratings only, and functional operation of 
Voltage on Any Pin sla the device at these or any other conditions outside of those 
Respect to Ground?) ...........-2.0V to +Vcc + 2.0V listed in the operational sections of this specification is not 
Vcc with Respect to Ground ............+. ~—2.0V to +7.0V implied. Exposure to any absolute maximum rating for 
| ae extended periods may affect device performance and 
Package Power Dissipation reliability 
~ Capability (Ta = 25°C) woe cceesseecsrseeeeeeees 1.0W 
: 2 Lead Soldering Temperature (10 secs) ............ 300°C 
Output Short Circuit Current® oo. 100mA 


RELIABILITY CHARACTERISTICS _ : 


100,000 Lael Cycles/Byte | MIL-STD-883, Test Method 1033 
Data Retention | 100 | | Years MIL-STD-883, Test Method 1008 













ESD Susceptibility 2000 MIL-STD-883, Test Method 3015 
ILTHO4) | Latch-up- JEDEC Standard 17 7 


D.C. OPERATING CHARACTERISTICS | 
Voc = +1.8V to +6.0V, unless otherwise specified. 


eS 
yp.[_wax_| Unite [ Test Conditions 
co | Power Supoy Curent na 
me 
es ee 









tur [put Leakage Curent 

: 
[Ouput tow Votage Woo=0] 

[Ouput tow Votage Voo=1ey)] 


Ps [ma 

a 

_ 
[ [0a Wour= GN Voc 
Weoxos vf 
[Jvecvosf vf 
mar 













lol = 1.5 mA 


Cyo') | Input/Output Capacitance (SDA) pF Viio = OV 


 Cn®) Input Capacitance (AO, A1, A2, SCL, WP) 6 pF. 


Note: 

(1) The minimum DC input voltage is —0.5V. During transitions, inputs may undershoot to —2.0V for periods of less than 20 ns. Maximum DC 
voltage on output pins is Voc +0.5V, which may overshoot to Vcc + 2.0V for periods of less than 20ns._ - | 

(2) Output shorted for no more than one second. No more than one output shorted at a time. 

(3) This parameter is tested initially and after a design or process change that affects the parameter. 

(4) Latch-up protection is provided for stresses up to 100 mA on address and data pins from —1V to Vcc +1V. 

(5) Standby current (Isp ) = 0 pA (<900 nA). 
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A.C. CHARACTERISTICS 


Vcc = +1.8V to +6V, unless otherwise specified 
Output Load is 1 TTL Gate and 100pF 


Read & Write Cycle Limits 


Symbol 
Clock Frequency 
Noise Suppression Time 
Constant at SCL, SDA Inputs 


SCL Low to SDA Data Out 
and ACK Out 


tBUF Time the Bus Must be Free Before 
a New Transmission Can Start 





Voc=1.8V - 6V 


Parameter Vec=4.5V - 5.5V 












oO 
ar 


4 
200 


100 H 


c 
N 


= 


tHD:STA Start Condition Hold Time 


Clock Low Period 
Clock High Period 
Start Condition Setup Time 
| (for a Repeated Start Condition) 
Data In Hold Time 


TO) 
taA 
(1) 
Data In Setup Time 
SDA and SCL Rise Time 
te) 
DH 





= 





‘ 







© oak. 
Go 
5 =| a es ral 
nm 1M ~” ni nDIi nIN ” i?) 


<< 
77) 


| Max. | 
| 100 

200 

3.5 
Co 
Eel 
es 
—- 

1 

300 


300 


| te) SDA and SCL Fall Time 
Stop Condition Setup Time 


4.7 
4 
4.7 
4 
u -_ 
50 
4 


= 


1.2 
1.2 
50 

100 


Data Out Hold Time 





—— 


Power-Up Timing (1)(2) 








Symbol Parameter 


Note: 
(1) This parameter is tested initially and after a design or process change that affects the parameter. 
(2) tpur and tpyw are the delays required from the time Vcc is stable until the specified operation can be initiated. 






Write Cycle Limits 





The write cycle time is the time from a valid stop interface circuits are disabled, SDA is allowed to remain 
condition of a write sequence to the end of the internal high, and the device does not respond to its slave 


program/erase cycle. During the write cycle, the bus | address. 
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FUNCTIONAL DESCRIPTION 


The CAT24WC32/64 supports the I?C Bus data trans- 
mission protocol. This Inter-Integrated Circuit Bus proto- 
col defines any device that sends data to the bus to be 


a transmitter and any device receiving data to be a. 


receiver. The transfer is controlled by the Master device 
which generates the serial clock and all START and 
STOP conditions for bus access. The CAT24WC32/64 
operates as a Slave device. Both the Master device and 
Slave device can operate as either transmitter or re- 
ceiver, but the Master device controls which mode is 
activated. 


PIN DESCRIPTIONS 


SCL: Serial Clock 
The serial clock input clocks all data transferred into or 
out of the device. | 


Figure 1. Bus Timing tf THIGH 


ISU:STA 


SDA IN 
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SDA: Serial Data/Address / 
The bidirectional serial data/address pin is used to. 
transfer all data into and out of the device. The SDA pin. 
is an open drain output and can be wire-ORed with other 
open drain or open collector outputs. 


AO, A1, A2: Device Address Inputs 

These pins are hardwired or left unconnected (for hard- 
ware compatibility with CAT24WC16). When hardwired, 
up to eight CAT24WC32/64s may be addressed on a 
single bus system (refer to Device Addressing ). When 
the pins are left unconnected, the default values are 
zeros. 


WP: write protect 


This input, when tied to GND, allows write operations to 
the entire memory. When this pin is tied to Vcc, the 
entire memory is write protected. When left floating, 
memory is unprotected. 


tR 


tsu:STO 


BUF 


soacut XYXYXKKKKKXXXXN 


Figure 2. Write Cycle Timing 
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?C BUS PROTOCOL 


The features of the I?C bus protocol are defined as 


- follows: 


(1) Data transfer may be initiated only when the bus is 
not busy. 


(2) During a data transfer, the data line must remain 
stable whenever the clock line is high. Any changes 
in the data line while the clock line is high will be 
interpreted as a START or STOP condition. 


START Condition 


The START Condition precedes all commands to the 
device, and is defined as a HIGH to LOW transition of 
SDA when SCL is HIGH. The CAT24WC32/64 monitors 
the SDA and SCL lines and will not respond until this 
condition is met. 


STOP Condition 


A LOW to HIGH transition of SDA when SCL is HIGH 
determines the STOP condition. All operations must end 
with a STOP condition. 


DEVICE ADDRESSING 


The bus Master begins a transmission by sending a 
START condition. The Master sends the address of the 
particular slave device it is requesting. The four most 
significant bits of the 8-bit slave address are fixed as 
1010 (Fig. 5). The next three bits (A2, A1, AO) are the 
device address bits; up to eight 32K/64K devices may 


Figure 4. Acknowledge Timing 
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to be connected to the same bus. These bits must 
compare to the hardwired input pins, A2, A1 and AO. The 
last bit of the slave address specifies whether a Read or 
Write operation is to be performed. When this bit is set 
to 1, a Read operation is selected, and when set to 0, a 
Write operation is selected. 


After the Master sends a START condition and the slave 
address byte, the CAT24WC32/64 monitors the bus and 
responds with an acknowledge (on the SDA line) when 
its address matches the transmitted slave address. The 
CAT24WC32/64 then performs a Read or Write opera- 
tion depending on the state of the R/W bit. 


Acknowledge 


After a successful data transfer, each receiving device is 
required to generate an acknowledge. The Acknowledg- 
ing device pulls down the SDA line during the ninth clock 
cycle, signaling that it received the 8 bits of data. : 


The CAT24WC32/64 responds with an acknowledge 
after receiving a START condition and its slave address. 
If the device has been selected along with a write 
operation, it responds with an acknowledge after receiv- 
ing each 8-bit byte. 


When the CAT24WC32/64 begins a READ mode it 
transmits 8 bits of data, releases the SDA line, and 
monitors the line for an acknowledge. Once it receives 
this acknowledge, the CAT24WC32/64 will continue to 
transmit data. If no acknowledge is sent by the Master, 
the device terminates data transmission and waits for a 
STOP condition. 
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5020 FHD F06 


pt fe} s |e | ae] at | ao [ri 


5027 FHD F07 








CAT24WC32/64 


WRITE OPERATIONS 


Byte Write 


In the Byte Write mode, the Master device sends the 
START condition and the slave address information 
(with the R/W bit set to zero) to the Slave device. After 
the Slave generates an acknowledge, the Master sends 
two 8-bit address words that are to be written into the 
address pointers of the CAT24WC32/64. After receiving 
another acknowledge from the Slave, the Master device 
transmits the data to be written into the addressed 
memory location. The CAT24WC32/64 acknowledges 
once more and the Master generates the STOP condi- 
tion. At this time, the device begins an internal program- 
ming cycle to nonvolatile memory. While the cycle is in 
progress, the device will not respond to any request from 
the Master device. 


Page Write 


The CAT24WC32/64 writes up to 32 bytes of data, ina 
single write cycle, using the Page Write operation. The 
page write operation is initiated in the same manner as 
the byte write operation, however instead of terminating 
after the initial byte is transmitted, the Master is allowed 
to send up to 31 additional bytes. After each byte has 


Figure 6. Byte Write Timing 
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been transmitted, CAT24WC32/64 will respond with an 
acknowledge, and internally increment the five low order 
address bits by one. The high order bits remain un- 
changed. 


If the Master transmits more than 32 bytes before sending 


the STOP condition, the address counter ‘wraps around’, 


and previously transmitted data will be overwritten. 


When all 32 bytes are received, and the STOP condition 
has been sent by the Master, the internal programming © 
cycle begins. At this point, all received data is written to 
the CAT24WC32/64 in a single write cycle. 


Acknowledge Polling 


Disabling of the inputs can be used to take advantage of 
the typical write cycle time. Once the stop condition is 
issued to indicate the end of the host's write operation, 


-~CAT24WC32/64 initiates the internal write cycle. ACK 


polling can be initiated immediately. This involves issu- 
ing the start condition followed by the slave address for 
a write operation. If CAT24WC32/64 is still busy with the 
write operation, no ACK will be returned. If 
CAT24WC32/64 has completed the write operation, an 
ACK will be returned and the host can then proceed with 


the next read or write operation. 
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READ OPERATIONS 


The READ operation for the CAT24WC32/64 is initiated 
in the same manner as the write operation with one 
exception, that R/W bit is set to one. Three different 
READ operations are possible: Immediate/Current Ad- 
dress READ, Selective/Random READ and Sequential 
READ. 


immediate/Current Address Read 


The CAT24WC32/64’s address counter contains the 
address of the last byte accessed, incremented by one. 
In other words, if the last READ or WRITE access was 
to address N, the READ immediately following would 
access data from address N+1. If N=E (where E=4095 
for 24WC32 and E=8191 for 24WC64), then the counter 
will ‘wrap around’ to address 0 and continue to clock out 
data. After the CAT24WC32/64 receives its slave ad- 
dress information (with the R/W bit set to one), it issues 
an acknowledge, then transmits the 8 bit byte requested. 
The master device does not send an acknowledge, but 
will generate a STOP condition. 


Selective/Random Read 


Selective/Random READ operations allow the Master 


device to select at random any memory location for a 
READ operation. The Master device first performs a 
‘dummy’ write operation by sending the START condi- 
tion, slave address and byte addresses of the location it 


Figure 8. Immediate Address Read Timing 
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wishes to read. After CAT24WC32/64 acknowledges, 
the Master device sends the START condition and the 
slave address again, this time with the R/W bit set to one. 
The CAT24WC32/64 then responds with its acknowl- 
edge and sends the 8-bit byte requested. The master 
device does not send an acknowledge but will generate 
a STOP condition. 


Sequential Read 


The Sequential READ operation can be initiated by 
either the Immediate Address READ or Selective READ 
operations. After the CAT24WC32/64 sends the initial 8- 
bit byte requested, the Master will respond with an 
acknowledge which tells the device it requires more 
data. The CAT24WC32/64 will continue to output an 8- 
bit byte for each acknowledge sent by the Master. The 
operation will terminate when the Master fails to respond 
with an acknowledge, thus sending the STOP condition. 


The data being transmitted from CAT24WC32/64 is 
outputted sequentially with data from address N fol- 
lowed by data from address N+1. The READ operation 
address counter increments all of the CAT24WC32/64 
address bits so that the entire memory array can be read 
during one operation. If more than E (where E=4095 for 
24WC32 and E=8191 for 24WC64) bytes are read out, 
the counter will ‘wrap around’ and continue to clock out 
data bytes. 
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Figure 9. Selective Read Timing 
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ORDERING INFORMATION 
Prefix Device # | Suffix 
CAT 24WC32 K | -2.5 TE7 


















Product Temperature Range 
Blank = Commercial (0°C to +70°C) 


| = Industrial (-40°C to +85°C) 


Tape & Reel 
TE7: 500/Reel 
TE13: 2000/Reel 


Number 
24WC32: 32K 
24WC64: 64K 





Package 
P: PDIP 
K: SOIC (ElAJ) 

J: SOIC (JEDEC) 
J14: SOIC (JEDEC) 


Operating Voltage 
Blank: 4.5V - 5.5V 
2. 7: 2. hi 6.0V 











Notes: 


(1) The device used in the above example is a 24WC32KI-2.5TE7 (SOIC, Industrial Temperature, 2.5 Volt to 6 Volt Operating 
Voltage, Tape & Reel) 
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CAT93C46/56/66/86 


1K/2K/4K/16K-Bit Serial E7-PROM 


FEATURES 


m High Speed Operation: 1MHz 
m™ Low Power CMOS Technology 


m Wide Operating Voltage Range 
V.. = 4.5V to 5.5V 
V,. = 2-7V to 6.0V 
V,, = 2.5V to 6.0V 
V,, = 1.8V to 6.0V 


m Selectable x8 or x16 Memory Organization 


DESCRIPTION 


The CAT93C46/56/66/86 are 1K/2K/4K/16K-bit Serial 
E*PROM memory devices which are configured as 
either registers of 16 bits (ORG pin at Vcc) or8 bits (ORG 
pin at GND). Each register can be written (or read) 
serially by using the DI (or DO) pin. The CAT93C46/56/ 


PIN CONFIGURATION 


DIP Package (P) 


CS CJe1 
SK Cj 2 
DIC] 3 
DOL] 4 


SOIC Package (J) 






8 [1] Vcc 
7 (J NC (*PE) 
6 [-) ORG 
5 [] GND 





*PE (only for 93C86) 
PIN FUNCTIONS 


Crane 
oe Data ipo 
- 00 | Seri Data Oupet 







Note: When the ORG pin is connected to VCC, the X16 organiza- 
tion is selected. When it is connected to ground, the X8 pin is 
selected. If the ORG pin is left unconnected, then an internal 
pullup device will select the X16 organization. ; 
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SOIC Package (S) 





I||CATALYST 


SEMICON DUCTOAOAR 


m@ Self-Timed Write Cycle with Auto-Clear 

m@ Hardware and Software Write Protection 

m@ Power-Up Inadvertant Write Protection 

@ 100,000 Program/Erase Cycles 

m 100 Year Data Retention 

m@ Commercial and Industrial Temperature Ranges 


66/86 are manufactured using Catalyst’s advanced 
CMOS E?PROM floating gate technology. The devices 
are designed to endure 100,000 program/erase cycles 
and have a data retention of 100 years. The devices are 
available in 8-pin DIP or SOIC packages. 


SOIC Package (K) 


8 FI Vcc 
7 [2] NC (*PE) 
6 [7] ORG 
S [7] GND 





93C-46/56/66 F014 


BLOCK DIAGRAM 
Voc GND 











MEMORY ARRAY 






ORGANIZATION ADDRESS 
ORG 128/256/512/2048X8 DECODER 
OR 
64/128/256/1024X16 











OUTPUT 


DI 
_ BUFFER 


DATA 
REGISTER 
MODE DECODE 
LOGIC — 


CLOCK 
GENERATOR 


Characteristics subject to change without notice 


CS 
PE* 






DO 


93C46/56/66 F02 


SK 





CAT93C46/56/66/86 — 


ABSOLUTE MAXIMUM RATINGS* *COMMENT 
Temperature Under Bias................... —55°C to +125°C Stresses above those listed under “Absolute Maximum 
Storage Temperature ..............eeee —65°C to +150°C Ratings” may cae ponneren Camage woe Gevice: 
a | These are stress ratings only, and functional operation of 
Voltage on any Pin with the device at these or any other conditions outside of those 
Respect to Ground ............ —2.0V to +Vcc +2.0V listed in the operational sections of this specification is not 
Vcc with Respect to Ground ............... —2.0V to +7.0V implied. Exposure to any absolute maximum rating for 
bate a extended periods may affect device performance and 
Package Power Dissipation | | reliability 
Capability (Ta = 25°C) oo... cceccccsseessseeeeeees 1.0W 
Lead Soldering Temperature (10 secs) ............ 300°C 
Output Short Circuit Current) oo... eee 100 mA 
RELIABILITY CHARACTERISTICS 








| Units | Reference Test Method 
Cycles/Byte|  MIL-STD-883, Test Method 1033 


Ld 
P| Years | MIL-STD-883, Test Method 1008 
ee 
a 


Tor) Data Retention | 


Vzap() ESD Susceptibility 2000 
lH} Latch-Up | 


D.C. OPERATING CHARACTERISTICS 
Vcc = +1.8V to +6.0V, unless otherwise specified. 


sini eae ee 
loc Power Supply Current 
(Operating) | 
IsB Power Supply Current 
(Standby) 
ILo 
















MIL-STD-883, Test Method 3015 
JEDEC Standard 17 






















3 mA DI = 0.0V, fsk = 1MHz 
Vcc = 5.0V, CS = 5.0V, 
Output Open 







Input Leakage Current 


Output Leakage Current 10 LA Vout = OV to Vcc, 
(Including ORG pin) — CS = OV 

Viv4 Input Low Voltage -0.1 0.8 

Vint Input High Voltage 2 


V 4.5V<Vcc<5.5V © 
Vect+1 V 
Viv2 Input Low Voltage 0 V 
| Vine Input High Voltage ‘| VocxX0.7 V 


Vout Output Low Voltage 0.4 V 4.5VsVcc<5.5V 
VoHi _ Output High Voltage 2.4 » | lo. = 2.1mMA 
| loH = -400uA | 
VoL2 Output Low Voltage 0.2 V 1.8V<Vcc<2.7V 
VoH2 Output High Voltage Vcc-0.2 V lo. = 1mA 
lon = -100uNA 


Note: 

(1) The minimum DC input voltage is —0.5V. During transitions, inputs may undershoot to —2.0V for periods of less than 20 ns. Maximum DC 
voltage on output pins is Voc +0.5V, which may overshoot to Vcc +2.0V for periods of less than 20 ns. 

(2) Output shorted for no more than one second. No more than one output shorted at a time. 

(3) This parameter is tested initially and after a design or process change that affects the parameter. 

(4) Latch-up protection is provided for stresses up to 100 mA on address and data pins from —1V to Vcc +1V. 





CAT93C46/56/66/86 


PIN CAPACITANCE | 










Note: 
(1) This parameter is tested initially and after a design or process change that affects the parameter. 


INSTRUCTION SET 


- | Comments 


Read Address AN—AO 
Clear Address AN—AO 
Write Address AN—AO 


11XXXXX 11XXXX 
11XXXXXXX | 11XXXXXX 
11XXXXXXX | 11XXXXXX 
1A XXXXXXXXX | 1 XXXXXXXX 


OOXXXXX OOXXXX 
OOXXXXXXX | OOXXXXXX 
OOXXXXXXX | OOXXXXXX 

OOXXXXXXXXX | OOXXXXXXXX 


10XXXXX 10XXXX Clear All Addresses 
1OXXXXXXX |} 10XXXXXX 
10XXXXXXX | 10XXXXXX 
1OXXXXXXXXX } 1OXXXXXXXX 


01XXXXX 01XXXX Write All Addresses 
O1XXXXXXX | O1XXXXXX 
O1XXXXXXX | O1XXXXXX 

01XXXXXXXXX | 01XXXXXXXX 





Note: 

(1) Only applicable to 93C86 

(2) Address bit A8 for 256x8 ORG and A7 for 128x16 ORG are "Don't Care" bits, but must be kept at either a "1" or "0" for READ, WRITE and 
ERASE commands. 


CAT93C46/56/66/86 


A.C. CHARACTERISTICS 


Limits | 
| | = Vcc = 2.7V -6V Vcc = 
| .BV-6V* Voc = 2.5V-6V| 4.5V-5.5V 
SYMBOL| PARAMETER_. ax. |UNITS | Conditions 


twoo | OutputDelayteo 
tew Program/Erase Pulse Width 


tsv Output Delay to Status Valid 


SKmax Maximum Clock Frequency 


* Preliminary data for 93C56/66/86. 
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NOTE: 
(1) This parameter is tested initially and after a design or process change that affects the parameter. 
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DEVICE OPERATION 


The CAT93C46/56/66/86 is a 1024/2048/4096/16384- 
bit nonvolatile memory intended for use with industry 
standard microprocessors. The CAT93C46/56/66/86 
can be organized as either registers of 16 bits or 8 bits. 
When organized as X16, seven 9-bit instructions for 
93C46; seven 11-bit instructions for 93C56 and 93C66; 
seven 13-bit instructions for 93C86, control the reading, 
writing and erase operations of the device. When 
organized as X8, seven 10-bit instructions for 93C46; 
seven 12-bit instructions for 93C56 and 93C66; seven 
14-bit instructions for 93C86, control the reading, writing 
and erase operations of the device. The CAT93C46/56/ 
66/86 operates ona single 1.8V supply and will generate 
on chip, the high voltage required during any write 
operation. 


Instructions, addresses, and write data are clocked into 
the DI pin on the rising edge of the clock (SK). The DO 


Figure 1. Sychronous Data Timing 


alee tskHI —>}+— !skLow cael 


SK 


Ios 


0 AXXO XY) — OXY | 


CS 


tois 


CAT93C46/56/66/86 


pin is normally in a high impedance state except when 
reading data from the device, or when checking the 
ready/busy status after a write operation. 


The ready/busy status can be determined after the start 
of awrite operation by selecting the device (CS high) and 
polling the DO pin; DO low indicates that the write 
operation is not completed, while DO high indicates that 
the device is ready for the next instruction. If necessary, 
the DO pin may be placed back into a high impedance 
state during chip select by shifting a dummy “1” into the 
DI pin. The DO pin will enter the high impedance state on 
the falling edge of the clock (SK). Placing the DO pin into 
the high impedance state is recommended in applica- 
tions where the DI pin and the DO pin are to be tied 
together to form a common DI/O pin. 


tCSH 


om 


ns nn ne 


= 


tppo,'pp1 tCSMIN 


sa (KB ATAVALID XXXKXAXAMAX 


Figure 2. Read Instruction Timing 
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CAT93C46/56/66/86 


The format for all instructions sent to the device is a 
logical "1" start bit, a 2-bit (or 4-bit) opcode, 6-bit (93C-46)/ 
8-bit (93C56 or 93C66)/10-bit (93C86) (an additional bit 
when organized X8) and for write operations a 16-bit 
data field (8-bit for X8 organizations). 


Read 


Upon receiving a READ command and an address 
(clocked into the DI pin), the DO pin of the CAT93C46/ 
56/66/86 will come out of the high impedance state and, 
after sending an initial dummy zero bit, will begin shifting 
out the data addressed (MSB first). The output data bits 
will toggle on the rising edge of the SK clock and are 
stable after the specified time delay (tppo or tpp1). 


Write 


After receiving a WRITE command, address and the 
data, the CS (Chip Select) pin must be deselected for a 
minimum of 250ns (tcsmin). The falling edge of CS will 
start the self clocking clear and data store cycle of the 


Figure 3. Write Instruction Timing 





Figure 4. Erase Instruction Timing 








memory location specified in the instruction. The clock- 
ing of the SK pin is not necessary after the device has 
entered the self clocking mode. The ready/busy status of 
the CAT93C46/56/66/86 can be determined by select- 
ing the device and polling the DO pin. Since this device 
features Auto-Clear before write, itis NOT necessary to 
erase a memory location before it is written into. 


Erase 


Upon receiving an ERASE command and address, the 

CS (Chip Select) pin must be deasserted for a minimum 
of 250ns (tcsmin). The falling edge of CS will start the self 
clocking clear cycle of the selected memory location. 
The clocking of the SK pin is not necessary after the 
device has entered the self clocking mode. The ready/ 
busy status of the CAT93C46/56/66/86 can be deter- 
mined by selecting the device and polling the DO pin. 
Once cleared, the content of a cleared location returns 
to a logical “1” state. 


STATUS 
VERIFY 


5040 FHD F05 





OXIA 


STANDBY 





STATUS VERIFY 






tos 






BUSY /| READY 
HIGH-Z 


5040 FHD F07 


<< 


Erase/Write Enable and Disable 


The CAT93C46/56/66/86 powers up in the write disable 
state. Any writing after power-up or afteran EWDS (write 
disable) instruction must first be preceded by the EWEN 
(write enable) instruction. Once the write instruction is 
enabled, it will remain enabled until power to the device 
is removed, or the EWDS instruction is sent. The EWDS 
instruction can be used to disable all CAT93C46/56/66/ 
86 write and clear instructions, and will prevent any 
accidental writing or clearing of the device. Data can be 
read normally from the device regardless of the write 
enable/disable status. 


Erase All 


Upon receiving an ERAL command, the CS (Chip Se- 
lect) pin must be deselected for a minimum of 250ns 
(tcsmin). The falling edge of CS will start the self clocking 
clear cycle of all memory locations in the device. The 
clocking of the SK pin is not necessary after the device 
has entered the self clocking mode. The ready/busy 
status of the CAT93C46/56/66/86 can be determined by 


Figure 5. EWEN/EWDS Instruction Timing 


CAT93C46/56/66/86 


selecting the device and polling the DO pin. Once 
cleared, the contents of all memory bits return to a logical 
“1” state. 


Write All 


Upon receiving a WRAL command and data, the CS 
(Chip Select) pin must be deselected for a minimum of 
250ns (tcsmin). The falling edge of CS will start the self 
clocking data write to all memory locations in the device. 
The clocking of the SK pin is not necessary after the 
device has entered the self clocking mode. The ready/ 
busy status of the CAT93C46/56/66/86 can be deter- 
mined by selecting the device and polling the DO pin. It 
is not necessary for all memory locations to be cleared 
before the WRAL command is executed. 


Note: This note is applicable only to 93C86. The write, 
erase, write all and, erase all instruction requires PE=1 
for 93C86. If PE is left floating, 93C86 is in program 
enabled mode. 











SK 
CS STANDBY 
® (XA 
* ENABLE=11 
DISABLE=00 


Figure 6. ERAL Instruction Timing 
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Figure 7. WRAL Instruction Timing 
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ORDERING INFORMATION 


Prefix Device # Suffix 


CAT 93046 S 


Product 
Number 






93C46: 1K 
93C56: 2K 
93C66: 4K 
93C86: 16K 





Package 
P =PDIP 


S = SOIC (JEDEC) 


J = SOIC (JEDEC) 
K = SOIC (EIAv) 


Notes: 








Temperature Range 
Blank = Commercial (0°C to +70' C) 
| = Industrial (-40°C to +85°C) 


TRLXELER ERRNO 








STATUS VERIFY |\STANDBY 


tos 


HIGH-Z 


93C-46/56/66 FO9 


-2.9 TE7 


Tape & Reel 
TE7: 500/Reel 
TE13: 2000/Reel 





Operating Voltage 
Blank (V_.=4.5 to 5.5V) 
2.7 (V,,=2.7 to 6.0V) 





2.5 (V.=2.5 to 6.0V) 
1.8 (V_=1.8 to 6.0V) 


93C46/56/66 F10 


(1) The device used in the above example is a 93C46SI-2.5TE7 (SOIC, Industrial Temperature, 2.5 Volt to 6 Volt Operating Voltage, 


Tape & Reel) 
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CAT93C46A/56A/66A/86A 


1K/2K/4K/16K-Bit Serial E2PROM 


FEATURES 


m@ High Speed Operation: 1MHz 
m Low Power CMOS Technology 
m Wide Operating Voltage Range 

V., = 4.5V to 5.5V 

V.. = 2.7V to 6.0V 

V., = 2.5V to 6.0V 

V., = 1-8V to 6.0V 


m Self-Timed Write Cycle with Auto-Clear 


DESCRIPTION 


The CAT93C46A/56A/66A/86A is a 1K/2K/4K/16K-bit 
Serial E7PROM memory devices which are configured 
as registers of 16-bits. Each register can be written (or 
read) serially by using the DI (or DO) pin. The 
CAT93C46A/56A/66A/86A are manufactured using 


PIN CONFIGURATION 
DIP Package (P) 


SOIC Package (J) 


SOIC Package (S) 


m@ Hardware and Software Write Protection 
a Power-Up Inadvertant Write Protection 
m 100,000 Program/Erase Cycles 

m@ 100 Year Data Retention 
& 
a 





Commercial and Industrial Temperature Ranges 
x16 Serial Memory 


Catalyst’s advanced CMOS E?PROM floating gate tech- 
nology. The devices are designed to endure 100,000 
program/erase cycles and have a data retention of 100 
years. The devices are available in 8-pin DIP or SOIC 
packages. 


SOIC Package (K) 





*PE (only for 93C86A) 
PIN Se aaa 


+1.8V to 6.0V Power Supply 


Program Enable 
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93CXXA F041 


BLOCK DIAGRAM 
Voc 


GND 


















MEMORY ARRAY 
ORGANIZATION 
64/128/256/1024X16 


DATA 
_ REGISTER 
MODE DECODE 
LOGIC 


CLOCK 
GENERATOR 


ADDRESS 
DECODER 





OUTPUT 
BUFFER 


Di 





cS 
PE* 






DO 
93C46/56/66 FO2 





SK 





Characieristics subject to change without notice 


| CAT93C46A/S6A/66A/86A 


ABSOLUTE MAXIMUM RATINGS* | - *COMMENT 


Temperature Under Bias................. .-55°C to +125°C Stresses above those listed under “Absolute Maximum 
Storage Temperature ...........:: eee —65°C to +150°C peungs: ay oe einanen Gamage joe cele: 
ie These are stress ratings only, and functional operation of 
Voltage on any Pin wi the device at these or any other conditions outside of those 
Respect to Ground") ........ +. -2.0V to +Vcc +2.0V listed in the operational sections of this specification is not 
Vcc with Respect to Ground ............... —2.0V to +7.0V implied. Exposure to any absolute maximum rating for 
te ata extended periods may affect device performance and 
Package Power Dissipation | reliability 
Capability (Ta = 25°C)............ Ae ener te en meee 1.0W 
Lead Soldering Temperature (10 secs) ............ 300°C 
Output Short Circuit Current) ................... 100 MA 












100,000| —| Cycles/Byte __ MIL-STD-883, Test Method 1033 
Data Retention _ | 100 | | Years MIL-STD-883, Test Method 1008 








Vzap) | ESD Susceptibility 2000 MIL-STD-883, Test Method 3015 
tH) | — Latch-Up |) 100 | JEDEC Standard 17 | 


D.C. OPERATING CHARACTERISTICS 
Vcc = +1.8V to +6.0V, unless otherwise specified. 








Power Supply Current DI = 0.0V, fsk = 1MHz 
(Operating) Voc = 5.0V, CS = 5.0V, | 


Output Open 
Power Supply Current 
(Standby) 


Input Leakage Current p 2 fF pA 


at 
Output Leakage Current 10 pA Vout = OV to Vcc, 
| CS = 0V 
Input Low Voltage 4.5V<Vcc<5.5V . 
Input High Voltage 
Input Low Voltage 1.8V<Vcc<2.7V 
Input High Voltage 


Output Low Voltage 4.5V<Vcc<5.5V 
Output High Voltage lo. = 2.1MA 
lon = -400uUA 


Output Low Voltage 1.8V<sVcc<2.7V 
Output High Voltage lo.=1mA 
| loH = -100UA 





Note: 

(1) The minimum DC input voltage is -0.5V. During transitions, inputs may undershoot to -2.0V for periods of less than 20 ns. Maximum DC 
voltage on output pins is Vcc +0.5V, which may overshoot to Vcc +2.0V for periods of less than 20 ns. 

(2) Output shorted for no more than one second. No more than one output shorted at a time. 

(3) This parameter is tested initially and after a design or process change that affects the parameter. 

(4) Latch-up protection is provided for stresses up to 100 mA on address and data pins from —-1V to Vcc +1V. 
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CAT93C46A/56A/66A/86A 


PIN CAPACITANCE 











| Max. | Units 
Cour? 


Cin | INPUT CAPACITANCE (CS, SK, Dl) 
Note: 


(1) This parameter is tested initially and after a design or process change that affects the parameter. 


Opcode Address Data 
x16 x16 
10 7 


INSTRUCTION SET 


ov i 


Read Address AN—AO 

































93C46A 





OOXXXX 







1 
, 

1 10 

1 10 

1 11 Clear Address AN—AO 
1 11 : 

1 11 

; 1 11 

WRITE 1 01 Write Address AN—AO 
| 1 01 

| 93C66A 1 01 

. 93C86A 1 01 

EWEN | 93C46A 1 00 11XXXX 

93C56A 1 00 11XXXXXX 

93C66A 1 00 11XXXXXX 

93C86A 1 00 1 1XXXXXXXX 

| 

93C56A 1 OOXXXXXX 

93C66A 1 OOXXXXXX 

93C86A 1 OOXXXXXXXX 










93C46A 10XXXX Clear All Addresses 
93C56A 10XXXXXX 
93C66A 10XXXXXX 






93C86A 1OXXXXXXXX 
WRAL 93C46A 1 00 01XXXX D15-D0 Write All Addresses 
93C56A 1 00 01XXXXXX D15-DO 
93C66A 1 00 01XXXXXX D15-D0 
93C86A 1 00 O1XXXXXXXX D15-DO 1 


Note: 
(1) Only applicable to 93C86A 
(2) Address bit A7 is "Don't Care" bit, but must be kept at either a "1" or "0" for Read, Write and Erase Commands. 
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CAT93C4GA/SGA/66A/86A 


A.C. CHARACTERISTICS 


Vcc = Vcc = 2.7V 6V | = 
1.8V-6V* Veco = 2.5V-6V| 4. | ee | 5.5V © 
SYMBOL| PARAMETER 


eee [ ompatceyioo 
ag Program/Erase Pulse Width 


"mae £3 Output Delay to Status Valid 


* Preliminary data for 93C56A/66A/86A. 

















Test 
Conditions 







ax 
© 
© 


CL = 100pF 
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© 
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NOTE: 
(1) This parameter is tested initially and after a pee) or process hana t that affects the parameter. 
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DEVICE OPERATION 


The CAT93C46A/56A/66A/86A is a 1024/2048/4096/ 
16384-bit nonvolatile memory intended for use with 
industry standard microprocessors. The CAT93C46A/ 
56A/66A/86A is organized as registers of 16-bits. There- 
fore, seven 9-bit instructions for 93C46A; seven 11-bit 
instructions for 93C56A and 93Q66A; seven 13-bit in- 
structions for 93C86A, control the reading, writing and 
erase operations of the device. The CAT93C46A/56A/ 
66A/86A operates on a single supply and will generate 
on chip, the high voltage required during any write 
operation. 


Instructions, addresses, and write data are clocked into 
the DI pin on the rising edge of the clock (SK). The DO 
pin is normally in a high impedance state except when 
reading data from the device, or when checking the 
ready/busy status after a write operation. 


Figure 1. Sychronous Data Timing 
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CAT93C46A/56A/66A/86A 


The ready/busy status can be determined after the start 
of awrite operation by selecting the device (CS high) and 
polling the DO pin; DO low indicates that the write 
operation is not completed, while DO high indicates that 
the device is ready for the next instruction. If necessary, 
the DO pin may be placed back into a high impedance 
state during chip select by shifting a dummy “1” into the 
DI pin. The DO pin will enter the high impedance state on 
the falling edge of the clock (SK). Placing the DO pin into 
the high impedance state is recommended in applica- 
tions where the DI pin and the DO pin are to be tied 
together to form a common DI/O pin. 


The format for all instructions sent to the device is a 
logical "1" start bit, a 2-bit (or 4-bit) opcode, 6-bit (93C46A)/ 
8-bit (938C56A or 93C66A)/10-bit (938C86A) and for write 
operations a 16-bit data field. 


tcSH 


tDIH 


an) OOK AOYAMA 


leaaue! 


tppo,'Pp1 'CSMIN 


DO (arava XXXXXKXXAX 


Figure 2. Read Instruction Timing 
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«PLE LAL. 


CS 


An AN-1 Ao 


DI 1 1 0 


\ oP 


STANDBY 


tuz | 
HIGH-Z PDO : HIGH-Z 
Dy Do 


DN DNn-1 
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CAT93C46A/56A/66A/86A 


Read 


Upon receiving a READ command and an address 
(clocked into the DI pin), the DO pin of the CAT93C46A/ 
56A/66A/86A will come out of the high impedance state 
and, after sending an initial dummy zero bit, will begin 
shifting out the data addressed (MSB first). The output 
data bits will toggle on the rising edge of the SK clock and 


are stable after the specified time delay (tppo or tpp1). 


Write 


After receiving a WRITE command, address and the 
data, the CS (Chip Select) pin must be deselected for a 
minimum of 250ns (tcsmin). The falling edge of CS will 
start the self clocking clear and data store cycle of the 
memory location specified in the instruction. The clock- 
ing of the SK pin is not necessary after the device has 
entered the self clocking mode. The ready/busy status of 


Figure 3. Write Instruction Timing 






CS 
DI 


DO 


Figure 4. Erase Instruction Timing 


the CAT93C46A/56A/66A/86A can be determined by 
selecting the device and polling the DO pin. Since this 
device features Auto-Clear before write, it is NOT nec- 
essary to erase a memory location before it is written 
into. | 


Erase 


Upon receiving an ERASE command and address, the 
CS (Chip Select) pin must be deasserted for a minimum 
of 250ns (tcsmin). The falling edge of CS will start the self 
clocking clear cycle of the selected memory location. 
The clocking of the SK pin is not necessary after the 
device has entered the self clocking mode. The ready/ 
busy status of the CAT93C46A/S56A/66A/86A can be 
determined by selecting the device and polling the DO 
pin. Once cleared, the content of a cleared location 


- returns to a logical “1” state. 
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STATUS STANDBY 


VERIFY 
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OAXACA KAA 


STATUS VERIFY STANDBY 





HIGH-Z 
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Erase/Write Enable and Disable 


The CAT93C46A/56A/66A/86A powers up in the write 
disable state. Any writing after power-up or after an 
EWDS (write disable) instruction must first be preceded 
by the EWEN (write enable) instruction. Once the write 
instruction is enabled, it will remain enabled until power 
to the device is removed, or the EWDS instruction is 
sent. The EWDS instruction can be used to disable all 
write and clear instructions, and will prevent any acci- 
dental writing or clearing of the device. Data can be read 
normally from the device regardless of the write enable/ 
disable status. 


Erase All 


Upon receiving an ERAL command, the CS (Chip Se- 
lect) pin must be deselected for a minimum of 250ns 
(tcsmin). The falling edge of CS will start the self clocking 
clear cycle of all memory locations in the device. The 
clocking of the SK pin is not necessary after the device 
has entered the self clocking mode. The ready/busy 


Figure 5. EWEN/EWDS Instruction Timing 





CAT93C46A/56A/66A/86A 


status of the CAT93C46A/56A/66A/86A can be deter- 
mined by selecting the device and polling the DO pin. 
Once cleared, the contents of all memory bits return to 
a logical “1” state. 


Write All 


Upon receiving a WRAL command and data, the CS 
(Chip Select) pin must be deselected for a minimum of 
250ns (tcsmin). The falling edge of CS will start the self 
clocking data write to all memory locations in the device. 
The clocking of the SK pin is not necessary after the 
device has entered the self clocking mode. The ready/ 
busy status of the CAT93C46A/56A/66A/86A can be 
determined by selecting the device and polling the DO 
pin. It is not necessary for all memory locations to be 
cleared before the WRAL command is executed. 


Note: This note is applicable only to 93C86A. The write, 
erase, write all and erase all instruction requires PE=1 
for 93C86A. If PE is left floating, 93C86A is in program 
enabled mode. 











SK 
cs STANDBY 
D OY) 
* ENABLE=11 
DISABLE=00 


Figure 6. ERAL Instruction Timing 


CS 

ey MEW AE O.9.0,010,0.0.0,0.0,0.0, 
: HIGH-Z 

DO 
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93C46/56/66 FO7 


YOOX XA AAA 


STATUS VERIFY STANDBY 


Isy 
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CAT93C46A/56A/66A/86A_ 


Figure 7. WRAL Instruction Timing 


cs 











XOXXXXXXXXAXXXKXXXMAK 
STATUS VERIFY |\STANDBY 


DI 


B® 


HIGH-Z 
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ORDERING INFORMATION 


Prefix Device # Suffix | 





CAT 93C46A 







Product 
Number 


Temperature Range 
Blank = Commercial (0°C to +70°C) 
| = Industrial (-40°C to +85°C) 


Tape & Reel 
TE7: 500/Reel 
TE13: 2000/Reel 


i 


93C46A: 1K 
93C56A: 2K 
93C66A: 4K 
93C86A: 16K 





Package Operating Voltage 

P = PDIP Blank (V_=4.5 to 5.5V) 
S = SOIC (JEDEC) 2.7 (V,,=8.7 to 6.0V) 

J = SOIC (JEDEC) 2.5 (V_=2.5 to 6.0V) 

K = SOIC (EIA) 1.8 (V,.=1.8 to 6.0V) 





93C046/56/66 F10 


Notes: 


(1) The device used in the above example is a 93C46ASI-2.5TE7 (SOIC, Industrial Temperature, 2.5 Volt to 6 Volt Operating 
Voltage, Tape & Reel) 
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CAT93C57 


2K-Bit Serial E-PROM | 


FEATURES 


@ High Speed Operation: 1MHz 
m Low Power CMOS Technology 


m Wide Operating Voltage Range 
Voce = 4-5V to 5.5V 
Voc = 2:7V to 6.0V 
Vic = 2-5V to 6.0V 
Vic = 1-8V to 6.0V 


m Selectable x8 or x16 Memory Organization 


DESCRIPTION 


The CAT93C57 is 2K-bit Serial E7PROM memory de- 
vices which can be configured as either 128 registers by 
16 bits (ORG pin at Vcc) or 256 registers by 8 bits (ORG 
pin at GND). Each register can be written (or read) 
serially by using the DI (or DO) pin. The CAT93C57 is 
manufactured using Catalyst’s advanced CMOS 


PIN CONFIGURATION 


DIP Package (P) SOIC Package (J) 





PIN FUNCTIONS 






Chip Select 


es 
[00 [Sera Date Oupt 










Memory Organization 


Note: When the ORG pin is connected to Vcc, the 128 x 16 organiza- 
tion is selected. When it is connected to ground, the 256 x 8 organiza- 
tion is selected. If the ORG pin is left unconnected, then an internal 
pullup device will select the 128 x 16 organization. 


© 1996 by Catalyst Semiconductor, Inc. 
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MNEATACYST 





@ Self-Timed Write Cycle with Auto-Clear 

m Sequential Read Operation 

m@ Power-Up Inadvertant Write Protection 

m 100,000 Program/Erase Cycles 

m 100 Year Data Retention 

= Commercial and Industrial Temperature Ranges 





E2PROM floating gate technology. It is designed to 
endure 100,000 program/erase cycles and has a data 
retention of 100 years. The device is available in 8-pin 
DIP or SOIC packages. 


SOIC Package (S) 


SOIC Package (K) 






5041 FHD FO1 





MEMORY ARRAY 
256 x 8 


| ADDRESS 

OR DECODER 
128 x16 
DATA 


5 REGISTER - 
MODE DECODE 






ORG 








OUTPUT 
BUFFER 


DI 





LOGIC 


CLOCK 
GENERATOR | 


Characteristics subject to change without notice 


cs 






DO 
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SK 


CAT93C57 


ABSOLUTE MAXIMUM RATINGS* | *COMMENT 


Temperature Under Bias.................. —55°C to +125°C Stresses above those listed under “Absolute Maximum 
Ratings” may cause permanent damage to the device. 


Storage Temperature ...........ccce —65°C to +150°C | 
wae These are stress ratings only, and functional operation of 
Voltage on any Pin ya the device at these or any other conditions outside of those | 
Respect to Ground” ............ —2.0V to +Vcc +2.0V listed in the operational sections of this specification is not 
Vcc with Respect to Ground .............. ~2.0Vto+7.0V _ implied. Exposure to any absolute maximum rating for 
he dadtel os | | extended periods may affect device performance and 
Package Power Dissipation reliability 
Capability (Ta = 25°C) ......ccccssscsrssssrsoseravesenses 1.0W 
Lead Soldering Temperature (10 secs) ............ 300°C 
Output Short Circuit Current’)... eee 100 mA 
RELIABILITY CHARACTERISTICS | 





| Neno® | Endurance =| 100,000} | Cycles/Byte| _ MIL-STD-883, Test Method 1033 
Font” | DataRetoon | 100 | Yeas | MILST0.609, Test Method 1008 
var [E80 Sueepitiiy | 2000 | | Vols | MTD, Test Matod 0015 


D.C. OPERATING CHARACTERISTICS 
Vcc = +1.8V to 6V, unless otherwise specified. 


Power Supply Current 
(Operating) 


DI = 0.0V, fsx = 1MHz 
Vcc = 5.0V, CS = 5.0V 
Output Open 


IsB - Power Supply Current LA CS=0V. 
(Standby) . 
ILo Input Leakage Current Vin = OV to Vcc 
ILo Output Leakage Current 10 LA Vout=O0Vto Vcc, | 
(Including ORG Pin) | CS =0V 
Viu Input Low Voltage | 0.8 V 4.5V<Vcc<5.5V 
VIHI _ Input High Voltage Vect+1 V 


Vou Output Low Voltage 0.4 4.5V<Vcc<5.5V 
VoHI Output High Voltage 2.4 lo. = 2.1mA 
lon = -400nA 


VoL2 Output Low Voltage 1.8V<Voc<2.7V 
VoH2 Output High Voltage ). lo. = 1mA 
lon = -100uA 





Vit2 Input Low Voltage VecX0.2 V 1.8V<Vcoc<2.7V 
Vine Input High Voltage Voct1 V 
V 
V < 


(1) The minimum DC input is -0.5V. During transitions, inputs may undershoot to -2.0V for periods of less than 20 ns. Maximum DC 
voltage on output pins is Voc +0.5V, which may overshoot to Vcc +2.0V for periods of less than 20 ns. 

(2) Output shorted for no more than one second. No more than one output shorted at a time. 

(3) This parameter is tested initially and after a design or process change that affects the parameter. 

(4) Latch-up protection is provided for stresses up to 100 mA on address and data pins from —1V to Vcc +1V. 
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CAT93C57 


Comments 


an 56x [120 x16 
+f 10 | Aran | abao| | | Read adress AN-AD 
aps [oarcao [asa ||| Clar Acres ANA 
a for arcao | a6-a0 [07-00 |Oi5-00) wie Adress AN-AD 
ie a 
me = 
. pn 
DO 


INSTRUCTION SET 













——Aeress 
Oncode| 256%8 | 120x168 










00 [rnoeo% [ino | || Wile Enable 
0.0 [oman | oomoox | |_| wie Disab 

0-0 | 100000 | 103000 Char A acrsses 
[0-0 | onxexex | ono [67-50 [575-00] _Wite Al Accesses 









Wax. [Unite | Conations 
Fount) | OUTPUT CAPAGITANGE(OO) «| «8 | pF | VaeOV 
[en | NPUT CAPACITANCE (CS. SK DLORG)| 58 | pF | VwOv 


A.C. CHARACTERISTICS 









Vec = Voc =2.7V-6V|  - Vec= | 
1.8V-6V* | Voc =2.5V-6V| 4.5V-5.5V 
SYMBOL| PARAMETER | Min. ax. | Min. | Max. Min. UNITS | Conditions 


jess CSSeuptime | 200] | wo] | 0] | mw 
jes | CSHoatime | o | | o | | o| | _ 
fos [D1SeupTine | oo] | e00| | i] | nw 
fon [DIWowTine | «00 | | aw | | 100] | ne 
feor[Oupabewyos | | 4] | os| [02 | ws 
[ooo [Ouputdoaywo | | 1 | [os] [om] uw |. io. 
va) | OupuDeryroHighZ | | 400| | 200] | 100 | ne 

tew | Programerese Pusewiah | | 10] | 0 | | 10 

SV 






isoy | Minimum SK High Time | 1 | | 05 | [oa] | ws 
on | Minimum SKLowTime | 1 || 05] [oa] | we 
fev | OuputDeayto Staus Vals] | i || 08 | | 08 | we | 
sk | Maximum Cook Frequency | DG | 250 | 06 | s00 | BC | 1000 | KHZ 


Note: 
* Preliminary data 
(1) This parameter is tested initially and after a design or process change that affects the parameter. 


a) 

0 [ms 
tesun [Minimum CStowTime | 1 | | os | [oz] | ve 
leno 
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CAT93C57 


DEVICE OPERATION 


The CAT93C57 is a 2048-bit nonvolatile memory in- 
tended for use with industry standard microprocessors. 
The CAT93C57 can be organized as either 128 registers 
by 16 bits, or as 256 registers by 8 bits. Seven 10-bit 
instructions (11-bit instruction in 256 by 8 organization) 
control the reading, writing and erase operations of the 
device. The CAT93C57 operates on a single power 
supply and will generate on chip, the high voltage 
required during any write operation. 


Instructions, addresses, and write data are clocked into 
the DI pin on the rising edge of the clock (SK). The DO 
pin is normally in a high impedance state except when 
reading data from the device, or when checking the 
ready/busy status after a write operation. 


The ready/busy status can be determined after a write 


Figure 1. Sychronous Data Timing “) 


[+ — tsk = tsKLOW 


SK 


tois 


toss 
Cs 


operation by selecting the device (CS high) and polling 


_ the DO pin; DO low indicates that the write operation is 


0) OY 0 a LOL XXX 


tbis 


DO 


Note: 


not completed, while DO high indicates that the device 
is ready for the next instruction. If necessary, the DO pin 
may be placed back into a high impedance state during 
chip select by shifting a dummy “1” into the DI pin. The 
DO pin will enter the high impedance state on the falling 
edge of the clock (SK). Placing the DO pin into the high 
impedance state is recommended in applications where 
the DI pin and the DO pin are to be tied together to form 
a common DI/O pin. 


The format for all instructions sent to the CAT93C57 is 
a logical “1” start bit, a 2-bit (or 4-bit) op code, a 7-bit 
address (8-bit address when organized as 256 x 8), and 
for write operations a 16-bit data field (8-bit data field 
when organized as 256 x 8). 


ICSH 


= 


tppo,'Pp1 tcSMIN 


DATA VALID 
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(1) The ORG pin is used to configure the device for x8 or x16 operation. When x8 organization is selected, AN = A7 and DN = D7. 


When x16 organization is selected, AN = A6 and DN = D15. 


CAT93C57 


Figure 2. Read Instruction Timing () 


cs / \ 


Don't Care 
An AN-1 


0 TV 2 OOOO KD OA AY 
"=" px@oeonoo— ll 
Dp P15... D0 D15... D0 Dis... 


D7...D9 D7.,.,D9 07... 








5046 FHD F04. 
Note: 


(1) The ORG pin is used to configure the device for x8 or x16 operation. When x8 organization is selected, AN = A7 and DN = D7. 
When x16 organization is selected, AN = A6 and DN = D15. 
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CAT93C57 


Read 


Upon receiving a READ command and an address 
(clocked into the DI pin), the DO pin of the CAT93C57 will 
come out of the high impedance state and, after sending 
an initial dummy zero bit, will begin shifting out the data 
addressed. The output data bits will toggle on the rising 
edge of the SK clock and are stable after the specified 
time delay (tppo or tpp1). 


After the initial data word has been shifted out and CS 
remains asserted with the SK clock continuing to toggle, 
the device will automatically increment to the next ad- 
dress and shift out the next data word in a sequential 
READ mode. As long as CS is continuously asserted 
and SK continues to toggle, the device will keep 
incrementing to the next address automatically until it 


reaches to the end of the address space, then loops — 


Figure 3. Write Instruction Timing (1) 


«x FLU ULL au 


CS 


AN AN-1 


Ao DN Do 
© PAEPOBOOOOACCA 


HIGH-Z 
DO 


_ Figure 4. Erase Instruction Timing () 


back to address 0. In the sequential READ mode, only 
the initial data word is preceeded by a dummy zero bit. 
All subsequent data words will follow without a dummy 
zero bit. : 


Write 


After receiving a WRITE command, address and the 
data, the CS (chip select) pin must be deselected for a 
minimum of 250ns (tcsmin). The falling edge of CS will 
start the self clocking clear and data store cycle of the 
memory location specified in the instruction. The clock- 
ing of the SK pin is not necessary after the device has 
entered the self clocking mode. The ready/busy status of 


the CAT93C57 can be determined by selecting the 


device and polling the DO pin. Since this device features 
Auto-Clear before write, it is NOT necessary to erase a 
memory location before the WRITE command is sent. 


XOXXXKXXXKXXXKAXXMAXKN 


tcs 
STATUS 
VERIFY 










STANDBY 


HIGH-Z 


lew 
5046 FHD F05 





Note: 


5046 FHD F07 


(1) The ORG pin is used to configure the device for x8 or x16 operation. When x8 organization is selected, AN = A7 and DN = D7. 


When x16 organization is selected, AN = A6 and DN = D15. 


Erase 


Upon receiving an ERASE command and address, the 
CS (chip select) pin must be deselected for a minimum 
of 250ns (tcsmin). The falling edge of CS will start the self 
clocking clear cycle of the memory location specified in 
the instruction. The clocking of the SK pin is not neces- 
sary after the device has entered the self clocking mode. 
The ready/busy status of the CAT93C57 can be deter- 
mined by selecting the device and polling the DO pin. 
Once cleared, the content of a cleared location returns 
to a logical “1” state. 


Erase/Write Enable and Disable 


The CAT93C57 powers up in the write disable state. Any 
writing after power-up or after an EWDS (write disable) 
instruction must first be preceded by the EWEN (write 
enable) instruction. Once the write instruction is en- 
abled, it will remain enabled until power to the device is 


CAT93C57 


removed, or the EWDS instruction is sent. The EWDS 
instruction can be used to disable all CAT93C57 write 
and clear instructions, and will prevent any accidental 
writing or clearing of the device. Data can be read 
normally from the device regardless of the write enable/ 
disable status. 


Erase All 


Upon receiving an ERAL command, the CS (chip select) 
pin must be deselected for a minimum of 250ns (tcsmin). 
The falling edge of CS will start the self clocking clear 
cycle of all memory locations in the device. The clocking 
of the SK pin is not necessary after the device has 
entered the self clocking mode. The ready/busy status of 
the CAT93C57 can be determined by selecting the 
device and polling the DO pin. Once cleared, the con- 
tents of all memory bits return to a logical “1” state. 





Figure 5. EWEN/EWDS Instruction Timing () 


SK 


CS 





DOXA AANA 


STANDBY 





of \ 0 0 K > XXX 





* ENABLE = 11 


128 x 16 = 6 DON'T CARE BITS 


DISABLE = 00 256 x8=7 DON'T CARE BITS 


Figure 6. ERAL Instruction Timing () 


«PLP 


CS 
DI PAD Of 1 \ PARKA 
128 x 16 =5 DON’T CARE BITS 
HIGH-Z 256 x 8 = 6 DON’T CARE BITS 
DO 
Note: 
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STATUS VERIFY STANDBY 
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tsv 


HIGH-Z 
tew 
5046 FHD F08 


(1) The ORG pin is used to configure the device for x8 or x16 operation. When x8 organization is selected, AN = A7 and DN = D7. 


When x16 organization is selected, AN = A6 and DN = D15. 
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CAT93C57 


Write All 


Upon receiving a WRAL command and data, the CS device has entered the self clocking mode. The ready/ 
(chip select) pin must be deselected for a minimum of busy status of the CAT93C57 can be determined by 
250ns (tcsmin). The falling edge of CS will start the self selecting the device and polling the DO pin. It IS NOT 
clocking data write to all memory locations in the device. necessary for all memory locations to be cleared before 
The clocking of the SK pin is not necessary after the the WRAL command is executed. 


Figure 7. WRAL Instruction Timing (1) 


s« PLE LE LI LI LE LE LPL LLL OX 
cs 7 STATUS VERIFY \ stawoey 


' ics 
D 1 \o 0 0 £1 VX X2o\ | 
128 x 16 = 5 DONT CARE BITS toy tuz 


256 x 8 = 6 DON’T CARE BITS 


oe ee ene ae ee eae ec OR 
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Note: 
(1) The ORG pin is used to configure the device for x8 or x16 operation. When x8 organization is selected, AN = A7 and DN = D7. 
When x16 organization is selected, AN = A6 and DN = D15. 


PIN CONFIGURATION 


Prefix Device # Suffix 


CAT 93C57 S | -2.5 TE7 


Product Temperature Range Tape & Reel 
Number Blank = Commercial (0°C to +70°C) TE7: 500/Reel - 
1 = Industrial (-40°C to +85°C) . TE13: 2000/Reel 






Package Operating Voltage 
P = PDIP Blank: 4.5 to 5.5V 
S = SOIC (JEDEC) 2.7: 2.7 to 6.0V 
J = SOIC (JEDEC) 
K = SOIC (EIAu) 
Notes: . 
(1) The device used in the above example is a 93C57SI-2.5TE7 (SOIC, Industrial Temperature, 2.5 Volt to 6 Volt Operating Voltage, Tape & 
Reel) 
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MEATACYST 


CAT64LC10/20/40 


1K/2K/4K-Bit Serial E7PROM 





FEATURES 

m@ SPi Bus Compatible =m Commercial and Industrial Temperature Ranges 
m Low Power CMOS Technology m Power-Up Inadvertant Write Protection 

@ 2.5V to 6.0V Operation m RDY/BUSY Pin for End-of-Write Indication 

m Self-Timed Write Cycle with Auto-Clear m 100,000 Program/Erase Cycles 

m@ Hardware Reset Pin m 100 Year Data Retention 

m Hardware and Software Write Protection 
DESCRIPTION 

The CAT64LC 10/20/40 is a 1K/2K/4K-bit Serial E°7 PROM ing gate technology. It is designed to endure 100,000 
which is configured as 64/128/256 registers by 16 bits. program/erase cycles and has a data retention of 100 
Each register can be written (or read) serially by using years. The device is available in 8-pin DIP or SOIC 


the DI (or DO) pin. The CAT64LC10/20/40 is manufac- packages. 
tured using Catalyst’s advanced CMOS E?PROM float- 


PIN CONFIGURATION 
DIP Package (P) SOIC Package (J) SOIC Package (S) 









cs Cet 8 1 Vcc 8{~] RESET CS 81 Vcc 
SKC] 2 7 (J RDY/BUSY 7 (2 GND SK [-] 2 7 [7] RDY/BUSY 
DIC] 3 6 (4 RESET Cs DICT] 3 6 [7] RESET 
DOL] 4 5 (-) GND DOC] 4 5 [2] GND 
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PIN FUNCTIONS BLOCK DIAGRAM 


Chip Select 


MEMORY ARRAY ADDRESS 
DE Serial Data Input 64/128/256 x 16 DECODER 
De | Serial Data Output 
+2.5V to +6.0V Power Supply 

DATA 
REGISTER 
OUTPUT 
BUFFER 
MODE DECODE 
LOGIC 
CLOCK 
GENERATOR 


© 1996 by Catalyst Semiconductor, Inc. Characteristics subject to change without notice 


RESET Reset 
~ RDY/BUSY Ready/BUSY Status 
4-1 














DI 





RESET 
cs 










DO RDY/BUSY 
SK 
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CAT64LC10/20/40 


ABSOLUTE MAXIMUM RATINGS* 


Temperature Under Bias................... —55°C to +125°C 
Storage Temperature ............:sccee —65°C to +150°C 


Voltage on any Pin with 


Respect to Ground") ............ -2.0V to +Vcc +2.0V 
Vcc with Respect to Ground .......... we. —2.0V to +7.0V 
Package Power Dissipation 

Capability (Ta = 25°C) ........ccsccsesssssssssneeeees 1.0W 
Lead Soldering Temperature (10 secs) ............ 300°C 
Output Short Circuit Current) woos 100 mA 


RELIABILITY CHARACTERISTICS. 


Symbol Parameter 


Min. 



















Note: 





Input/Output Capacitance (DO, RDY/BUSY) | 8 | pF 
Input Capacitance (CS, SK, DI, RESET) | 6 | pF | 


*COMMENT 


Stresses above those listed under “Absolute Maximum 
Ratings” may cause permanent damage to the device. 
These are stress ratings only, and functional operation of 
the device at these or any other conditions outside of those 
listed in the operational sections of this specification is not 
implied. Exposure to any absolute maximum rating for 
extended periods may affect device performance and 
reliability. 7 





Units Reference Test Method 









(1) The minimum DC input voltage is —0.5V. During transitions, inputs may undershoot to —2.0V for periods of less than 20 ns. Maximum DC 
voltage on output pins is Voc +0.5V, which may overshoot to Vcc +2.0V for periods of less than 20 ns. 
(2) Output shorted for no more than one second. No more than one output shorted at a time. 


(3) This parameter is tested initially and after a design or process change 


that affects the parameter. 


(4) Latch-up protection is provided for stresses up to 100 mA on address and data pins from -1V to Voc +1V. 


CAT64LC10/20/40 


D.C. OPERATING CHARACTERISTICS 
Vcc = +2.5V to +6.0V, unless otherwise specified. 








Test Conditions 


fsk = 250 kHz 


: Parameter 


win 
co [Operaing Curent f2ev | 
EWEN, €wOS,READ|eov | 
cand 

ae 


fsx = 1 MHz 

VIN = GND or Vcc 
CS = Vcc 

Vin = GND to Vcc 
Vout = GND to Vcc 


|” 
< 






Isp) |Standby Current 


uput Leakage Curent | 
? 





mA 
mA 
mA 
mA 
uA 
uA 
uA 
V 
V 
V 


Low Level Input Voltage, —0.1 

CS, SK, RESET 

High Level Input Voltage Vcc x 0.8 Veco + 0.5 V 

CS, SK, RESET 

Von) | High Level Output Voltage )25V]Vcc-03] | | V lon = —10nA 


Sov |veo-oa| | 
ea | jon = 400A 


fev] | 2 


Note: 
(1) Standby Current (Igg) = OWA (<900NA) 
(2) Vow and Vo, spec applies to READY/BUSY pin also 


< 
.) 
O 
< 
ro) 
De) 


LI 
LO 
| 
I 
| 
| 


V 
VIH 
ViL 
VIH 


< 
3 
No 
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CAT64LC10/20/40 


A.C. OPERATING CHARACTERISTICS 
Voc = +2.5V to +6.0V; unless otherwise specified. 


Symbol 


tcss CS Setup Time 
tcsH CS Hold Time 


r. 
3. 
=e 
” 


Units 


< 
3S 


tuz(2) Output Delay to High Impendance 


tcSMIN Minimum CS High Time 250 


tH Minimum SK High Time 1000 ; 
tskLow Minimum SK Low Time | 2.5V 1000 


tsv Output Delay to Status Valid 


100 
100 
200 
200 


” 


300 
300 
500 


> 
” 






Oo 


” 


00 






Maximum Clock Frequency kHz 


=, 
w 
A 


tRESMIN | Minimum RESET High Time 2 
tRESH RESET to READY Hold Time 


tro Write Recovery 


50 
100 










- Power-Up to Program Operation Ld | 










Parameter 


|_Min. | 
twR Program Cycle Time 25v | | 
ee ee 






10 
1 
10 
5 

Note: 
(1) This parameter is tested initially and after a design or process change that affects the parameter. 


(2) This parameter is sampled but not 100% tested. 
(3) tpuR and tpyw are the delays required from the time Vcc isstable until the specified operation can be initiated. 
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CAT64LC10/20/40 


INSTRUCTION SET 


write 
[witeenebie =| —sorooort «| XxXxxxXX | 
we seve | o109me Poppe 


Figure 1. A.C. Testing Input/Output Waveform (2)(3(4) ic = 100 pF) 









V 0.8 
cox Vcc x 0.7 


INPUT PULSE LEVELS REFERENCE POINTS 


V 
Voc x 0.2 CC x0. 


5064 FHD F03 


Note: 

(1) (Write All Locations) is a test mode operation and is therefore not included in the A.C./D.C. Operations specifications. 
(2) Input Rise and Fall Times (10% to 90%) < 10 ns. 

(3) Input Pulse Levels = Vcc x 0.2 and Vcc x 0.8. 

(4) Input and Output Timing Reference = Vcc x 0.3 and Vcc x 0.7. 
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CAT64LC10/20/40 


DEVICE OPERATION 


The CAT64LC10/20/40 is a 1K/2K/4K-bit nonvolatile 
memory intended for use with all standard controllers. 
The CAT64LC10/20/40 is organized in a 64/128/256 x 
16 format. All instructions are based on an 8-bit format. 
There are four 16-bit instructions: READ, WRITE, EWEN, 
and EWDS. The CAT64LC10/20/40 operates on a single 
power supply ranging from 2.5V to 6.0V and it has an on- 
chip voltage generator to provide the high voltage needed 
during aprogramming operation. Instructions, addresses 


Figure 2. Sychronous Data Timing 


Di 


DO 


RDY 
/BUSY 


Figure 3. Read Instruction Timing 


ESE A XXX 





SK 


i 'skLOw —>}+— 


XXX XXX AKAMA 





and data to be written are clocked into the DI pin on the 
rising edge of the SK clock. The DO pin is normally ina 
high impedance state except when outputting data ina 
READ operation or outputting RDY/BUSY status when 
polled during a WRITE operation. 


The format for all instructions sent to this device includes 
a 4-bit start sequence, 1010, a 4-bit op code and an 8- 


bit address field or dummy bits. For a WRITE operation, 






—tgkHI ae 





5064 FHD F04 






AU 





XY AINA 


eee 7 i 


HIGH 
RDY 
/BUSY 


_ ™ Please check the instruction set table for address 


SCI aceee 


64LC10/20/40 FOS 


a 16-bit data field is also required following the 8-bit 
address field. 


The CAT64LC10/20/40 requires an active LOW CS in 
order to be selected. Each instruction must be preceded 
by a HIGH-to-LOW transition of CS before the input of 
the 4-bit start sequence. Prior to the 4-bit start sequence 
(1010), the device will ignore inputs of all other logical 
sequence. 


Figure 4. Write Instruction Timing 


CAT64LC10/20/40 


Read 


Upon receiving a READ command and address (clocked 
into the DI pin), the DO pin will output data one tpp after 
the falling edge of the 16th clock (the last bit of the 
address field). The READ operation is not affected by 
the RESET input. 


Write 


After receiving a WRITE op code, address and data, the 
device goes into the AUTO-Clear cycle and then the 


RESET \\ VILL LT 


SK 


DO 


RDY 
/BUSY 


* Please check instruction set table for address 


Figure 5. Ready/BUSY Status Instruction Timing 


RESET 


SK 





WRITE INSTRUCTION 


KKK 





DI 


DO 


RDY 
/BUSY 


KX KAKA 


KOK) 


EEE EET EEL ELTA AAS 
TN LoS Le_of o_o [noone fou 





[bo XX EXXXN XK 





64LC10/20/40 FO6 









CAT64LC10/20/40 


WRITE cycle. The RDY/BUSY pin will output the BUSY 


status (LOW) one tsy after the rising edge of the 32nd 
clock (the last data bit) and will stay LOW until the write 
cycle is complete. Then it will output a logical “1” until the 
next WRITE cycle. The RDY/BUSY a is not af- 
fected by the input of CS. 


An alternative to get RDY/BUSY status is from the DO 
pin. During a write cycle, assertinga LOW inputto the CS 
pin will cause the DO pin to output the RDY/BUSY 
status. Bringing CS HIGH will bring the DO pin back to 


a high impedance state again. After the device has 


completed a WRITE cycle, the DO pin will output a 


Figure 6. RESET During BUSY Instruction Timing 
RESET 


SK 


logical “1” when the device is deselected. The rising 
edge of the first “1” input on the DI pin will reset DO back 
to the high impedance State again. 


The WRITE operation can be halted anywhere in the 
operation by the RESET input. If a RESET pulse occurs 
during a WRITE operation, the device will abort the 
operation and output a READY status. 


NOTE: Data may be corrupted if a RESET occurs while 
the device is BUSY. If the reset occurs before the BUSY 
period, no writing will be initiated. However, if RESET 
occurs after the BUSY period, new data will have been 
written over the old data. 





VT 





RDY 
/BUSY 
* Please check instruction set table for address 


+ —— twa ——+| 


64LC 10/20/40 F08 





Figure 7. tibet — aba 
RESET 


DI 


po HIGH-Z 
HIGH 
RDY 
/BUSY 


4-8 





5064 FHD FO9 


RESET 


The RESET pin, when set to HIGH, will reset or abort a 
WRITE operation. When RESET is set to HIGH while the 
WRITE instruction is being entered, the device will not 
execute the WRITE instruction and will keep DO in High- 
Z condition. 


When RESET is set to HIGH, while the device is ina 
clear/write cycle, the device will abort the operation and 
will display READY status on the RDY/BUSY pin and on 
the DO pin if CS is low. 


The RESET input affects only the WRITE and WRITE 
ALL operations. It does not reset any other operations 





Figure 8. EWDS Instruction Timing 


RESET 





SK 





DI 
IGH-Z 
DO HIG 
HIGH 
RDY 
/BUSY 


ORDERING INFORMATION 


XXX AXA AAA AAA 


OOOO AXA 


CAT64LC10/20/40 


such as READ, EWEN and EWDS. 
ERASE/WRITE ENABLE and DISABLE 


The CAT64LC10/20/40 powers up in the erase/write 
disabled state. After power-up or while the device is in an 
erase/write disabled state, any write operation must be 
preceded by an execution of the EWEN instruction. 
Once enabled, the device will stay enabled until an 
EWDS has been executed ora power-down has occured. 
The EWDS is used to prevent any inadvertent over- 
writing of the data. The EWEN and EWDS instructions 
have no affect on the READ operation and are not 
affected by the RESET input. 





/ 


5064 FHD F10 


| Prefix | Device # | Suffix | 


CAT 64LC10 S 


Product 


Number 

64LC10: 1K 
64LC20: 2K 
64LC40: 4K 





Package 


P: PDIP 
S: SOIC (JEDEC) 
J: SOIC (JEDEC) 


Notes: 


Temperature Range : 
Blank = Commercial (0°C to +70°C) 
| = Industrial (-40°C to +85°C) 








TE7 


| -2.5 








Tape & Reel 
TE7: 500/Reel 
TE13: 2000/Reel 





Operating Voltage 
Blank: 2.7V to 6.0V 
2.5: 2.5V to 6.0V 


64LC10/20/40 F114 


(1) The device used in the above example is a 64L.C10SI-2.5TE7 (SOIC, Industrial Temperature, 2.5 Volt to 6 Volt Operating Voltage, 


Tape & Reel) 
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CAT35C704_ 


4K-Bit Secure Access Serial E72PROM 


FEATURES 


m Single 5V Supply 

m Password READ/WRITE Protection: 1 to 8 Bytes 
m Memory Pointer WRITE Protection 

m Sequential READ Operation 

m 256 x16 or 512 x 8 Selectable Serial Memory 

m@ High Speed Synchronous Protocol 

m= Commercial and Industrial Temperature Ranges 


DESCRIPTION 


The CAT35C704 is a 4K-bit Serial E7PROM that safe- 
guards stored data from unauthorized access by use of 
a user selectable (1 to 8 byte) access code and a 
movable memory pointer. Two operating modes provide 
unprotected and password-protected operation allow- 
ing the user to configure the device as anything from a 


PIN CONFIGURATION 
DIP Package (P) 


SOIC Package (J) 


NC 
NC 
Yoo 
PE 

‘ERR 
GND 
NC 
NC 
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PIN FUNCTIONS 

[Pin Name [Function 
PE 
Vcc 
GND 

















Voc | 5¥ Power Supply 
eno [Ground 


Note: 
(1) Dl, DO may be tied together to form a common I/O. 


© 1996 by Catalyst Semiconductor, Inc. 


CATALYST 


SEMICONDUCTOR 


Ml 


m@ Operating Frequency: DC-3MHz 


m Low Power Consumption: 
-—Active:3mA 


—Standby: 250 A 
100,000 Program/Erase Cycles 
100 Year Data Retention 


ROM to a fully protected no-access memory. The 
CAT35C704 uses a unique serial-byte synchronous 
communication protocol and has a Sequential Read 
feature where data can be sequentially clocked out of 
the memory array. The device is available in 8-pin DIP 
or 16-pin SOIC packages. 














BLOCK DIAGRAM 
Vcc > 
—_> 
GND 64-BIT ACCESS CODE 
& 
| CONTROL BLOCK 
av SERIAL 
COMMUNI- 
a CATION 
. BLOCK 4K-BIT EEPROM 
ARRAY 
R/W ADDRESS 
BUFFER | DECODER 
INSTRUCTION 
REGISTER 
aa <_| INSTRUCTION ADDRESS 
DECODER REGISTER 
| STATUS MEMORY 
REGISTER POINTER 
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Characteristics subject to change without notice 
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CAT35C704 


ABSOLUTE MAXIMUM RATINGS* 
Temperature Under Bias...........00. —55°C to +125°C 
Storage Temperature ............::ccee —65°C to +150°C 


Voltage on Any Pin with 


Respect to Ground”) 0.0... —2.0V to +Vcc + 2.0V 
Vcc with Respect to Ground ............... —2.0V to +7.0V 

- Package Power Dissipation | 
Capability (Ta = 25°C) oo... cccccceccescesesseseeseseeees 1.0W 
Lead Soldering Temperature (10 secs) . ee 300°C 
Output Short Circuit Current® woe 100mA 


RELIABILITY CHARACTERISTICS 


aye Parameter 


ESD Susceptability 2000 


Preliminary 


*COMMENT 


Stresses above those listed under “Absolute Maximum 
Ratings” may cause permanent damage to the device. 
These are stress ratings only, and functional operation of 
the device at these or any other conditions outside of those 
listed in the operational sections of this specification is not 
implied. Exposure to any absolute maximum rating for 
extended periods may affect device performance and 
reliability. 


Units Reference Test Method 


lath MIL-STD-883, Test Method 1033 
MIL-STD-883, Test Method 3015 


of 

Tox) oe peion [7 100_[ Yeas [0 Tes eos 
od 
4 


D.C. CHARACTERISTICS 
Vcc = +5V +10%,unless otherwise specified. 


Power Supply Current 
(Operating) 





Output Low Voltage —— 
Output High Voltage p24 
Input Leakage Current A 


= 
[vor [Input High Votage 
vor 
Yor 
a a 





Note: 










=e 
(Standby) 


JEDEC Standard 17 






Test Conditions 
Voc = 5.5V, CS = Voc 
DO is Unloaded. 


Vcc = 5.5V, CS =0V 
DI = OV, CLK = OV 








ae 
wa | Vour=55¥, C3 =0¥_ 






(1) The minimum DC input voltage is -0.5V. During transitions, inputs may undershoot to —2.0V for periods of less than 20 ns. Maximum DC 
voltage on output pins is Vcc +0.5V, which may overshoot to Vcc + 2.0V for periods of less than 20ns. 


( 
( 
( 
( 


) PE pin test conditions: Viy < Vin < Vi 


2) Output shorted for no more than one second. No more than one output shorted at a time. 

3) This parameter is tested initially and after a design or process change that affects the parameter. 

4) Latch-up protection is provided for stresses up to 100 mA on address and data pins from -1V to Vcc +1V. 
5 


Preliminary CAT35C704 


Test Conditions 


A.C. CHARACTERISTICS 
Vcc = +5V +10%,unless otherwise specified. 


Symbol 


CS Setup Time 


c. 
3 
a 
n 










CS Hold Time CL = 100pF 
DI Setup Time ns Vin = Vin or Vi 








=) 
” 


DI Hold Time 
CLK to DO Delay 
tuz(1) (2) | CLK to DO High-Z Delay 
Program/Erase Pulse Width 
_tsv 


Vout = Vou or Voi 


_ 
or 
© 


= 
n 


Tiev | ERR Out Belay 
CS to DO High-Z Delay 


150 
50 
200 
165 
100 
5 


=) 


S 


—); Oo 
oO 
=) 





150 


CS Low Pulse Width 


Ci = 100pF 
us CL = 100pF 


2 


A 
io) 


150 


< 
Ad 
nN 


DC MHz 





. 





Note: 
(1) This parameter is tested initially and after a design or process change that affects the parameter. 
(2) tyz is measured from the falling edge of the clock to the time when the output is no longer driven. 
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PASSWORD PROTECTION 


The CAT35C704 is a 4K-bit E7PROM that features a 
password protection scheme to prevent unauthorized 
access to the information stored in the device. It contains 
an access code register which stores one to eight bytes 
of access code along with the length of that access code. 
Additionally, a memory pointer register stores the ad- 
dress that partitions the memory into protected and 
unprotected areas. As shipped from the factory, the 
device is unprogrammed and unprotected. The length of 
the access code is equal to zero and the memory pointer 
register points to location zero. Every byte of the device 
is fully accessible without an access code. Setting a 
password and moving the memory pointer register to 
cover all or part of the memory secures the device. Once 
secured, the memory is divided into a read/write area 
and a read-only area with the entry of a valid access 
code. If no access code is entered, the memory is 


Figure 1. A.C. Timing 


Preliminary 


divided into a read-only area and a non-access area. 
Figure 2 illlustrates this partitioning of the memory array. 


WRITE PROTECTION 


- Another feature of the CAT35C704 is WRITE-protection 


without the use of an access code. If the memory pointer 
register is set to cover all or part of the memory, without 
setting the access code register, the device may be 
divided into an area which allows full access, and an 
area which allows READ-only access. To write into the 
READ-only area, the user can override the memory 
pointer register for every WRITE instruction or he can 
simply move the address in the memory pointer register 
to uncover this area, and then write into the memory. 
This mechanism prevents inadvertent overwriting of 
important data in the memory without the use of an 
access code. Figure 3 illustrates this partitioning of the 
memory array. : 


Vcc . , 
/ tvecs | 





tolH 


‘ois 


LL) i SS Ce 


‘Pp 
HIGH-Z 
DO 


Figure 2. Secure Mode 


ACCESS REGISTER: 
ACCESS CODE LENGTH: 





a 


‘PD 
HIGH-Z 
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ACCESS CODE (1-8 BYTES) 
1TO8 





MEMORY POINTER: a...a 
— 255 (x16) 
511 (x8) 
READ-ONLY 
ACCESS 
POINTER 
REGISTER : ena 
ADDRESS 
IN MEMORY PASSWORD-ONLY 
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Preliminary 


READ SEQUENTIAL 


To allow for convenient reading of blocks of contiguous 
data, the device has a READ SEQUENTIAL instruction 
which accepts a starting address of the block and 
continuously outputs data of subsequent addresses 
until the end of memory, or until Chip Select goes LOW. 


The CAT35C704 communicates with external devices 
via a synchronous serial communication protocol (SECS) 
that has a maximum transmission rate of 3 MHz. The 
data transmission may be a continuous stream of data 
or it can be packed by pulsing Chip Select LOW in 
between each packet of information. (Except for the 
SEQUENTIAL READ instruction where Chip Select 
must be held high). 


Figure 3. Unprotected Mode(") 





CAT35C704 


PIN DESCRIPTIONS 


CS 


Chip Select is a TTL compatible input which, when set 
HIGH, allows normal operation of the device. Any time 
Chip Select is set LOW, it resets the device, terminating 
all I/O communication, and puts the output in a high 
impedance state. CS is used to reset the device if an 
error condition exists or to put the device in a power- 
down mode to minimize power consumption. It may also 
be used to frame data transmission in applications 
where the clock and data input have to be ignored from 
time to time. Although CS resets the device, it does not 
change the program/erase or the access-enable status, 
nor does it terminate a programming cycle once it has 
started. The program/erase and access-enable opera- 
tions, once enabled, will remain enabled until specific 
disabling instructions are sentor until power is removed. 





ACCESS REGISTER: X...X 
ACCESS CODE LENGTH: 0 
MEMORY POINTER: a...a 
__ 255 (x16) 
511 (x8) 
READ/WRITE/ERASE 
ACCESS 
POINTER : 
REGISTER __a...a 
ADDRESS 
IN MEMORY READ-ONLY 
ACCESS 
5. 


Figure 4. ERR Pin Timing 


CS 


CLK 


>| 


HIGH-Z tsy 


ERR 


_ Note: 
(1) x = DON’T CARE; a = ADDRESS BIT. 


5074 FHD FO05 


7 
fo eee 


tsy 
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CAT35C704 


CLK 


The System Clock is a TTL compatible input pin that 
allows operation of the device over a frequency range of 
DC to 3 MHz. 


Di 


The Data Input pin is TTL compatible and accepts data 
and instructions in a serial format. Each instruction must 
begin with “1” as a start bit. The device will accept as 
many bytes as an instruction requires, including both 
data and address bytes. With the SECS protocol, extra 
bits will be disregarded if they are “O’s and misinter- 
preted as the next instruction if they are “1”s. An instruc- 
tion error will cause the device to abort operation and all 
I/O communication will be terminated until a reset is 
received. 


Figure 5. Program/Erase Timing 


Preliminary 


DO 


The Data Output pin is a tri-state TTL compatible output. 
It is normally in a high impedance state unless a READ 
or an ENABLE BUSY instruction is executed. Following 
the completion of a 16-bit or 8-bit data stream, the output 
will return to the high impedance state. During a pro- 
gram/erase cycle, if the ENABLE BUSY instruction has 
been previously executed, the output will stay LOW 
while the device is BUSY, and it will be set HIGH when 
the program/erase cycle is completed..DO will stay 
HIGH until the completion of the next instruction’s op- 
code and, if the next instruction is a READ, DO will output 
the appropriate data at the end of the instruction. If the 
ENABLE BUSY instruction has not been previously 
executed, DO will stay ina high impedance state. DO will 


CS / 


el) TICK 


DI 
LAST ADDRESS BIT FOR ERASE ei 
LAST OPCODE BIT FOR ERAL | 
LAST DATA BIT FOR WRITE/WRAL ; 
3 PD 
DO HIGH-Z 


Figure 6. CS to DO Status Timing 






CS 
CLK 
DI 
LAST ADDRESS BIT FOR ERASE 
LAST OPCODE BIT FOR ERAL tcsz 
LAST DATA BIT FOR WRITE/WRAL 


HIGH-Z 






DO 


[+ NEXT INSTRUCTION ae 


XXII TTT LTT K__X_ _X_)-_X_XL/7/ 


\LLLL 
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——= NEXT INSTRUCTION a 


XX TTT IX XXX TT 


tcsp 
READY 


WZ 


BUSY HIGH-Z BUSY 
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Preliminary 


also go to the high impedance state if an error condition 
is detected. If the ENABLE BUSY instruction has not 
been executed, to determine whether the device is ina 
program/erase cycle or in an error.condition, a READ 
STATUS instruction may be entered. When the device 
is in a program/erase cycle it will output an 8-bit status 
word. If it does not, it is in an error condition. 


PE 


The Parity Enable pinis a TTLcompatible input. If the PE 
pin is set HIGH, the device will be configured to commu- 
nicate using even parity, and if the pin is set LOW, it will 


Figure 7. Read Timing 


CS 


CLK 


CAT35C704 


use no parity. In this case, instructions or data that 
include parity bits will not be interpreted correctly. Note: 
The PE input is internally pulled down to GND (i.e. 
default = no parity). As with all CMOS devices, CS, CLK 
and Dl inputs must be connected to either HIGH or LOW, 
and not left floating. 


ERR 


The Error indication pin is an open drain output. If either 
an instruction or parity error exists, the ERR pin will 
output a “O” until the device is reset. This can be done by 
pulsing CS LOW. 


(PD —»| Le tHz 
. WI XI IIIODX O 
eae Fn eee ois eaaneee 
D 
HIGH-Z | N Do 


DO 


Figure 8. Write Timing 


t 
DATA 
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DON’T CARE 


eo TUPLE 


ae are OP CODE re eee 


DO 
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DEVICE OPERATION 


INSTRUCTIONS 
The CAT35C704 instruction set includes 19 instruc- 
tions. 


Six instructions are related to security or write protec- 
tion: 


DISAC _ Disable Access 
ENAC Enable Access 
MACC. Modify Access Code 


OVMPR_ Override Memory Pointer Register 
RMPR Read Memory Pointer Register 
WMPR_~ Write Memory Pointer Register 


Six instructions are READ/WRITE/ERASE instructions: 


ERAL ~~ Clear All Locations 
ERASE Clear Memory Locations 
READ Read Memory 

RSEQ Read Sequentially 
WRAL Write All 

WRITE Write memory 


Note: All write instructions will automatically perform a clear before 
writing data. 


Figure 9. EWEN/EWDS Timing 


Preliminary 


Seven instructions are used as control and status func- 
tions: 


DISBSY Disable Busy - 


ENBSY = Enable Busy 
EWEN __ Program/Erase Enable 
EWDS __ Program/Erase Disable 


NOP No Operations | 
‘ORG Select Memory Organization — 
RSR Read Status Register 


UNPROTECTED MODE 


As shipped from the factory, the CAT35C704 is in the 
unprotected mode. The access code length is set to 0, 
and the memory pointer is at address 00 hex. While in 
this mode, any portion of the E7PROM array can be read 
or written to without an access code. A portion of the 
memory may be protected from any write or ciear 
operation by setting the memory pointer to the appropri- 
ate address via the WMPR (Write Memory Pointer 
Register) instruction: 


WMPR __ [address] 


| OP7 OPo | 
OP CODE 


HIGH-Z 
DO 


Figure 10. Erase Timing 
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a 


DON’T CARE 


uo FULL aaa 


OP7 OPo AN 0 
ee es OMB rece 


HIGH-Z 
DO 


tEW 







A 
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Preliminary 


As shown previously in Figure 3, memory locations 
below the address set in the memory pointer will be 
program/erase protected. Thus, unintentional clearing 
or writing of data in this area will be prevented, while 
memory locations at or above the protected area still 
allow full access. This protection does not apply to the 
ERAL and WRAL commands which are not blocked by 
the memory pointer. . 


SECURE MODE 


As shown previously in Figure 2, in the secure mode, 
memory locations at or above the address set in the 
memory pointer allow READ-only access. Memory loca- 
tions below that address will require an access code 
before they can be accessed. The secure mode is 
activated with an MACC (Modify Access Code) instruc- 
tion followed by a user access code which can be one to 
eight bytes in length. 


EWEN 


MACC [old code][new code][new code] 


The EWEN instruction enables the device to perform 
program/erase operations. The new access code must 
be entered twice for verification. If the device already has 
an access code, the old access code must be entered 
before the new access code can be accepted. The 
length of the password is incorporated into the MACC 
portion of the instruction. 


Once the secure mode is activated, access to memory 
locations is under software control. Access (read, write, 
and clear instructions) to the memory locations below 
the address in the memory pointer is allowed only if the 
ENAC (Enable Access) instruction followed by the cor- 
rect access code has been previously executed. 


CAT35C704 


The ENAC instruction, along with the access code, 
enables access to the protected area of the device. The 
EWEN instruction enables execution of the program/ 
erase operations. This portion of the memory is other- 
wise inaccessible for any operation. Read-only access 
is allowed without the access code for memory locations 
at or above the address in the memory pointer. 


The access code can be changed by the following 
instruction: 


ENAC [old access code] 
EWEN 
MACC [old code][new code][new code] 


A two-tier protection scheme is implemented to protect 
data against inadvertent clearing or writing. To write to 
the memory, an EWEN (Program/Erase Enable) must 
first be issued. The CAT35C 704 will now allow program/ 
erase operations to be performed only on memory 
locations at or above the address set in the memory 
pointer. The remaining portion of the memory is still 
protected. To override this protection, an OVMPR (Over- 
ride Memory Pointer Register—see Memory Pointer 
Register) must be issued for every program/erase in- 
struction which accesses the protected area: 


ENAC [access code] 
EWEN 

OVMPR 

WRITE _ [address][ data] 


As an alternative to the OVMPR instruction, the WMPR 
(Write Memory Pointer Register) instruction may be 
used to move the memory pointer address to uncover 
the area where writing is to be performed: 





ENAC [access code] 

ENAC [access code] EWEN 

EWEN WMPR __ [address] 

WRITE —[address][data] WRITE [address ][data ] 
Figure 11. ERAL Timing 
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As shipped from the factory, the device is in the unpro- 


tected mode. The length of the access code is user 


selectable from a minimum of one byte toa maximum of 
eight bytes (> 1.84x10'9 combinations). Loading a zero- 
length access code will disable protection. 


MEMORY POINTER REGISTER 


The memory pointer enables the user to segment the 
E*PROM array into two sections. In the unprotected 
mode, the array can be segmented between read-only 
and full access, while in the secure mode, the memory 
may be segmented between read-only access and 
password-only access. Three instructions are dedicated 
to the memory pointer operations. The first one is WMPR 
(Write Memory Pointer Register). This instruction, fol- 
lowed by an address, will load the memory pointer 
register with a new address. This address will be stored 
in the E7PROM and can be modified only by another 
WMPR instruction. The second instruction is OVMPR 
(Override Memory Pointer Register) which allows a 
single program/erase to be performed to memory loca- 
tions below the address set in the memory pointer. This 
instruction allows the user to modify data ina segmented 
array without having to move the memory pointer. Once 
the operation is complete, the device returns to the 
protected mode. If the device is in the secure mode both 
of these instructions require the ENAC instruction and a 
valid access code prior to their execution. The third 
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with the first bit being the start bit and the following 7 bits 

being the op-code. Data can be one or two bytes long 
depending on the instruction and the memory array 
organization. Each address is one or two bytes long 
depending on the organization of the memory array. In 


‘this protocol, the transmission of the MSB is always first 


instruction is the RMPR (Read Memory Pointer Regis- — 


ter) which will place the current contents of the ipaleler 
in the serial output buffer. 
SECS PROTOCOL 


The CAT35C704 implements the SECS communication 
protocol which uses an 8-bit transmission format. As 
shown in Figures 7—13, all instructions are 8 bits long 


Figure 12. WRAL Timing 


and the LSB last. The CS (Chip Select) pin of the 
CAT35C704 may be used to frame the data transmis- 
sion packet or it may be set HIGH for the entire duration 
of operation. If an error in op-code or parity (if enabled) 
has been detected, the ERR output will be set LOW and 
the CAT35C704 will stop receiving and sending data 
until CS is toggled from HIGH to LOW to HIGH again. 
Alternatively, an error condition may be detected by 
interrogating the device for a status word. If an error 
condition has been detected, the DO (Data Output) pin 
will not respond. DO may be programmed to become tri- 
stated or to output a RDY/BUSY status flag during 
program/erase cycles (see ENBSY instruction). 


STATUS REGISTER 


An eight bit status register is provided to allow the user 
to determine the status of the CAT35C704. The contents 
of the first three bits of the register are 101 which allows 
the user to quickly determine the condition of the device. 
The next three bits indicate the status of the device; they 
are parity error, instruction error and RDY/BUSY status. 
The last two bits are reserved for future use. 








~ CLEAR ALL AND WRITE ALL 


As aprecaution, the ERAL instruction has to be entered 
twice before it is executed. This measure is required as 
a redundancy check on the incoming instruction for 
possible transmission errors. The WRAL instruction 
requires sending an ERAL first (this sets a flag only) and 
then the WRAL instruction. The CAT35C 704 will accept 


tt aa ae 


OPo aa 


HIGH-Z 


OP CODE 
~ ERAL 


DO 


OP CODE 
WRAL 
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the following commands: 


ERAL ERAL An ERAL will be executed 
ERAL WRAL AWRAL will be executed 


Both the ERAL and WRAL commands will program/ 
erase the entire array and will not be blocked by the 
memory pointer. 


THE PARITY BIT 


The SECS protocol supports an even parity bit if the PE 
pin of the device is set HIGH, otherwise, there is no 
parity. If PE is set LOW and the incoming instruction 
contains a parity bit, it may be interpreted as the start bit 
of the nextinstruction. When PE is HIGH, the CAT35C 704 
expects a parity bit at the end of every incoming instruc- 
tion-packet. For example, the RSEQ instruction will look 
like this: 


1100 1011 
A15...A8 
A7...A0 P 


The device then outputs data continuously until it reaches 
the end of the memory. The last byte of data contains 9 
bits. The ninth bit is the parity bit calculated over the 
entire transmitted data packet. The RSEQ instruction 
may be terminated at any time by bringing CS low; the 
output will then go to high impedance. 


Figure 13. Next Instruction Timing”) 


CS 
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SYSTEM ERRORS 


Whenever an error occurs, be it an instruction error 
(unknown instruction), or parity error (perhaps caused 
by transmission error), the device will stop its operation. 
To return to normal operation, the device must be reset 
by pulsing CS LOW and then set back to HIGH. Reset- 
ting the device will not affect the ENAC, EWEN and 
ENBSY status. The error may be determined by entering 
the READ STATUS REGISTER (RSR) instruction 
immediatly following the reset. The status output is an 8 
bit word with the first three bits being 101. This three bit 
pattern indicates that the device is functioning normally. 
The fourth bit is “1” if a parity error occurred. The fifth bit 
is a “1” if an instruction error occurred. The sixth bit is a 
“1” ifthe device is in a program/erase cycle. The last two 
bits are reserved for future use. 


The reason for the “101” pattern is to distinguish be- 
tween an error conditon (DO tri-stated) and a device 
busy status. Ifan error condition exists, it will not respond 
to any input instruction from DI. However, if the device is 
in a program/erase cycle, it responds to the RSR instruc- 
tion by outputting “101 00100”. If RSR is executed at the 
end of aprogram/erase cycle, the output will be “101000 
00”. 


“LAS 


PARITY INSTRUCTION gene FUTURE USE 
ERROR ERROR 
5074 FHD F09 
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(1) DO will be high impedance after the last instruction bit has been clocked in, unless the instruction is RSR or RMPR, in which case, DO will 


become active. 
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INSTRUCTION SET 
DISAC Disable Access 


This instruction will lock the memory from all program/ 
erase operations regardless of the contents of the memory 


pointer. A write can be accomplished only by first enter- 


ing the ENAC instruction followed by a valid access 
code. | 


ENAC Enable Access 
[Access Code] 


In the protected mode, this instruction, followed by a 
valid access code, unlocks the device for read/write/ 
clear access. 


WMPR Write Memory Pointer Register 
{[A15—A8] [A7—AO] (x8 organization) 
[A7—A0] (x76 organization) 


The WMPR instruction followed by 8 or 16 bits of 
address (depending on the organization) will move the 
pointer to the newly specified address. 


MACC Modify Access Code 
[Length] [Old code] [New code] 


[New code] 


This instruction requires the user to enter the old access 
code, if one was set previously, followed by the new 
access code and a re-entry of the new access code for 
verification. Within the instruction format, the variable 
[Length] designates the length of the access code as the 
following: 


[Length] = [0] No access code. Set device to unpro- 
tected mode. 


[Length] = [1-8] Length of access code is 1 to 8 bytes. 


[Length] = [>8] Illegal number of bytes. The CAT35C704 
will ignore the rest of the transmission. 


RMPR Read Memory Pointer Register 


Output the content of the memory pointer register to the 
serial output port. 


OVMPR Override Memory Pointer Register . 


Override the memory protection for the next instruction. 
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READ Read Memory 


[1100 [1001 | [A15-A8] [A7—A0] (x8 organization) 
1100 | 1001 | [A7—A0] (x16 organization) 


Output the contents of the addressed memory location 
to the serial port. 


WRITE Write Memory 


1100 |0001 | [A15-A8] [A7—AO] [D7—D0] (x8 organization) 
1100 |0001 | [A7—A0] [D15—D8] [D7-D0] (x16 organization) 


Write the 8 bit or 16 bit data to the addressed memory 
location. After the instruction, address, and data have 
been entered, the self-timed program/erase cycle will 
start. The addressed memory location will be erased 
before data is written. The DO pin may be used to output 
the RDY/BUSY status by having previously entered the 
ENBSY instruction. During the program/erase cycle, DO 
will output a LOW for BUSY during this cycle and a HIGH 
for READY after the cycle has been completed. 


ERASE Clear Memory 





1100 [0000] [A15-A8] [A7-A0] (x8 organization) 


1100 |0000 | [A7—A0] (x16 organization) 


Erase data in the specified memory location (set memory 
to “1”). After the instruction and the address have been 
entered, the self-timed clear cycle will start. The DO pin 
may be used to output the RDY/BUSY status by having 
previously entered the ENSBY instruction. During the 
clear cycle, DO will output a LOW for BUSY during this 
cycle and a HIGH for ready after the cycle has been 
completed. 


ERAL Clear All 


1000 | 1001 
1000 | 1001 | 


Erase the data of all memory locations (all cells set to 
“{”). For protection against inadvertent chip clear, the 
ERAL instruction is required to be entered twice. 


WRAL Write All 





1000 [1001 
[D15-D8] [D7—DO] (x16 organization) 
[D7—D0] (x8 organization) 


Write one or two bytes of data to all memory locations. 
An ERAL will be automatically performed before the 


Preliminary 


WRAL is executed. For protection against inadvertent 
clearing or writing of data, the ERAL instruction is 
required to be entered preceding the WRAL instruction. 


RSEQ Read Sequentially 
[A15—A8] [A7—A0] (x8 organization) 


1100 | 1011 | [A7—A0] (x16 organization) 


Read memory starting from specified address, sequen- 
tially to the highest address or until CS goes LOW. The 
instruction is terminated when CS goes LOW. 


ENBSY Enable Busy 


Enable the status indicator on DO during program/erase 
cycle. DO goes LOW then HIGH once the write cycle is 
complete. DO will go to HIGH-Z at the end of the next op 
code transmission. 


DISBSY Disable Busy 


Disable the status indicator on DO during program/ 
erase cycle. 


EWEN Program/Erase Enable 


1000 | 0001 


Enable program/erase to be performed on non-pro- 
tected portion of memory. This instruction must be 


ORDERING INFORMATION 


Prefix Device # Suffix 


CAT 350704 J 


Product 
Number 





Package 
P: PDIP 


Notes: 


Temperature Range 
Blank = Commercial (0°C to +70°C) 


| = Industrial (-40°C to +85°C) 






J: SOIC (JEDEC) 
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entered before any program/erase instruction will be 
carried out. Once entered, it will remain valid until power- 
down or an EWDS (Program/Erase Disable) is ex- 
ecuted. 


EWDS Program/Erase Disable 

Disable all write and clear functions. 

ORG Select Memory Organization 

(where R = Oor 1) 

Set memory organization to 512 x 8 if R = 0. 
Set memory organization to 256 x 16 if R = 1. 
RSR Read Status Register 


Output the contents of the 8-bit status register. The 
contents of the first three bits of the register are 101, 
which allows the user to quickly determine whether the 
device is listening or is in an error condition. The next 
three bits indicate parity error, instruction error and RDY/ 
BUSY status. The last two bits are reserved for future 
use. 


NOP No Operation 


No Operation. 





| TE7 


Tape & Reel 
TE7: 500/Reel 
TE13: 2000/Reel 





35C704 F17 


(1) The device used in the above example is a 35C704JI-TE7 (SOIC, Industrial Temperature, Tape & Reel) 
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CAT33C704 


_4K-Bit Secure Access Serial E7PROM 


FEATURES 


mg Single 3V Supply 

m Password READ/WRITE Protection: 1 to 8 Bytes 
m Memory Pointer WRITE Protection 

m Sequential READ Operation 

m 256 x16 or 512 x 8 Selectable Serial Memory 

m High Speed Synchronous Protocol 

m Operating Frequency: DC—1MHz 


DESCRIPTION 


The CAT33C704 is a 4K-bit Serial E7PROM that safe- 
guards stored data from unauthorized access by use of 
a user selectable (1 to 8 byte) access code and a 
movable memory pointer. Two operating modes provide 
unprotected and password-protected operation allow- 
ing the user to configure the device as anything from a 


PIN CONFIGURATION 





DIP Package (P) SOIC Package (J) 
NC NC 
NC NC 
CS Voc 
CLK PE 
DI ERR 
DO GND 
NC NC 
NC NC 
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PIN FUNCTIONS 


[in tieme [Function 


GND 

















eno [Guna 


(1) DI, DO may be tied together to form a common I/O. 
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SEMI CONODBUCTOAR 


m Low Power Consumption: 
Active: 3 mA 
Standby: 250 uA 


m 100,000 Program/Erase Cycles 
m@ 100 Year Data Retention 
= Commercial and Industrial Temperature Ranges 


ROM to a fully protected no-access memory. The 
CAT33C704 uses a unique serial-byte synchronous 
communication protocol and has a Sequential Read 
feature where data can be sequentially clocked out of 
the memory array. The device is available in 8-pin DIP 
or 16-pin SOIC packages. 














BLOCK DIAGRAM 
Vcc > 
GND > 
64-BIT ACCESS CODE 
& 
CONTROL BLOCK 
a SERIAL 
COMMUNI- | 
ae CATION 
se BLOCK 4K-BIT EEPROM 
ARRAY 
R/W ADDRESS | 
BUFFER | DECODER 
INSTRUCTION 
REGISTER 
aR ~_| INSTRUCTION ADDRESS | 
R DECODER REGISTER 


STATUS 
REGISTER 


MEMORY 
POINTER 
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Characteristics subject to change without notice 
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ABSOLUTE MAXIMUM RATINGS* | *COMMENT 


Temperature Under Bias.............00. —55°C to+125°C = Stresses above those listed under “Absolute Maximum 
Storage Temperature ...........:csceeees ~65°C to +150°C RAINgs ay ieee Pelmane damage eds dda 
cee These are stress ratings only, and functional operation of 
Voltage on Any Pin with the device at these or any other conditions outside of those 
Respect to Ground" ........... —2.0V to +Vcc + 2.0V listed in the operational sections of this specification is not 
Vcc with Respect to Ground ............... —2.0V to +7.0V implied. Exposure to any absolute maximum rating for 
eee extended periods may affect device performance and 
Package Power Dissipation - reliability 
Capability (Ta = 25°C) .......cscccssssssseeessereseeess 1.0W 
Lead Soldering Temperature (10 secs) ............ 300°C 
Output Short Circuit Current?) oo. 100mA 


RELIABILITY CHARACTERISTICS 


100,000 | —_—‘| Cycles/Byte | MIL-STD-883, Test Method 1033 
Data Retention } 100 | | Years | MIL-STD-883, Test Method 1008 






















ESD Susceptibility 2000 MIL-STD-883, Test Method 3015 
7H) | Latch-up JEDEC Standard17. 


D.C. CHARACTERISTICS 


Vcc = +3V +10%,unless otherwise specified. 
3 mA Vcc = 3.3V, CS = Vcc 
DO is Unloaded. 
250 uA Voc = 3.3V, CS = OV 
DI = OV, CLK = OV 













loc 
IsB 
VIL Input Low Voltage 
| Input High Voltage 
VoL 
VoH 
) 


~ Power Supply Current 
(Operating) 


| vA | Vv=3. 


Power Supply Current 
(Standby) 


ee | 
Fouputtow votage | 

116 [pu teskage Curent | 
ko | Ouputteskage Curent | 


lo = -400nA 


2 uA VIN = 3.3V 





Note: | 

(1) The minimum DC input voltage is —-0.5V. During transitions, inputs may undershoot to ~—2.0V for periods of less than 20 ns. Maximum DC 
_ voltage on output pins is Vcc +0.5V, which may overshoot to Vcc + 2.0V for periods of less than 2Ons. . 

(2) Output shorted for no more than one second. No more than one output shorted at a time. 

(3) This parameter is tested initially and after a design or process change that affects the parameter. 

(4) Latch-up protection is provided for stresses up to 100 mA on address and data pins from —1V to Vcc +1V. 

(5) PE pin test conditions: Viy < Vin < Vit | a 
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Test Conditions 


A.C. CHARACTERISTICS 
Voc = +3V +10%,unless otherwise specified. 


Symbol 


CS Setup Time 150 





















CS Hold Time C. = 100pF 
DI Setup Time 50 Vin = Vin Or Vit 


Vout = Vou or Voi 


DI Hold Time 
CLK to DO Delay 
tuz‘) 2) | CLK to DO High-Z Delay 
) 


150 


66 


Note: 
(1) This parameter is tested initially and after a design or process change that affects the parameter. 
(2) tyz is measured from the falling edge of the clock to the time when the output is no longer driven. 





C._ = 100pF 
Us Ci = 100pF 


oO 


— 
O1 


O1 eee = {a 


0 


rr" 
Clg 
77] 
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PASSWORD PROTECTION 


The CAT33C704 is a 4K-bit E7PROM that features a 
password protection scheme to prevent unauthorized 
access to the information stored in the device. It contains 
an access code register which stores one to eight bytes 
of access code along with the length of that access code. 
Additionally, a memory pointer register stores the ad- 
dress that partitions the memory into protected and 
unprotected areas. As shipped from the factory, the 
device is unprogrammed and unprotected. The length of 
the access code is equal to zero and the memory pointer 
register points to location zero. Every byte of the device 
is fully accessible without an access code. Setting a 
password and moving the memory pointer register to 
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divided into a read-only area and a non-access area. 
Figure 2 illustrates this partitioning of the memory array. 


WRITE PROTECTION 


Another feature of the CAT33C704 is WRITE-protection 
without the use of an access code. If the memory pointer 
register is set to cover all or part of the memory, without 


_ setting the access code register, the device may be 


cover all or part of the memory secures the device. Once © 


secured, the memory is divided into a read/write area 
and a read-only area with the entry of a valid access 
, code. If no access code is entered, the memory is 


Figure 1. A.C. Timing 


divided into an area which allows full access, and an 
area which allows READ-only access. To write into the 
READ-only area, the user can override the memory 
pointer register for every WRITE instruction or he can 
simply move the address in the memory pointer register 
to uncover this area, and then write into the memory. 
This mechanism prevents inadvertent overwriting of 
important data in the memory without the use of an 
access code. Figure 3 illustrates this partitioning of the 
memory array. 


Voc | 
tvocs | 








tHz 





‘PD | 'ep 
HIGH-Z HIGH-Z 
5074 FHD FO3 
Figure 2. Secure Mode 
ACCESS REGISTER: ACCESS CODE (1-8 BYTES) 
ACCESS CODE LENGTH: 1TO8 
MEMORY POINTER: a...a 
__. 255 (x16) 
511 (x8) 
READ-ONLY | 
ACCESS 
POINTER 
REGISTER eee Pee | 
ADDRESS 
IN MEMORY PASSWORD-ONLY 
ACCESS | 
ae 0) 
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READ SEQUENTIAL 


To allow for convenient reading of blocks of contiguous 
data, the device has a READ SEQUENTIAL instruction 
which accepts a starting address of the block and 
continuously outputs data of subsequent addresses 
until the end of memory, or until Chip Select goes LOW. 


The CAT33C704 communicates with external devices 
via a synchronous serial communication protocol (SECS) 
that has a maximum transmission rate of 1 MHz. The 
data transmission may be a continuous stream of data 
or it can be packed by pulsing Chip Select LOW in 
between each packet of information. (Except for the 
SEQUENTIAL READ instruction where Chip Select 
must be held high). 


Figure 3. Unprotected Mode") 


ACCESS REGISTER: 
ACCESS CODE LENGTH: 
MEMORY POINTER: 
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PIN DESCRIPTIONS 


CS 


Chip Select is a TTL compatible input which, when set 
HIGH, allows normal operation of the device. Any time 
Chip Select is set LOW, it resets the device, terminating 
all /O communication, and puts the output in a high 
impedance state. CS is used to reset the device if an 
error condition exists or to put the device in a power- 
down mode to minimize power consumption. It may also 
be used to frame data transmission in applications 
where the clock and data input have to be ignored from 
time to time. Although CS resets the device, it does not 
change the program/erase or the access-enable status, 
nor does it terminate a programming cycle once it has 
started. The program/erase and access-enable opera- 
tions, once enabled, will remain enabled until specific 
disabling instructions are sent or until power is removed. 


x< 


X... 
0 
a...a 





___ 255 (x16) 
511 (x8) 
READ/WRITE/ERASE 
ACCESS 

POINTER 
REGISTER __a..a 
ADDRESS 
IN MEMORY 

6 


Figure 4. ERR Pin Timing 


CS 


CLK 


| 


m 
me) 


Note: 
(1) x = DON’T CARE; a = ADDRESS BIT. 
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CLK 


The System Clock is a TTL compatible input pin that 
allows operation of the device over a frequency range of 
DC to 1 MHz. 


DI 


The Data Input pin is TTL compatible and accepts data 
and instructions in a serial format. Each instruction must 
begin with “1” as a start bit. The device will accept as 
many bytes as an instruction requires, including both 
data and address bytes. With the SECS protocol, extra 
bits will be disregarded if they are “O’s and misinter- 
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DO 


The Data Output pin is a tri-state TTL compatible output. 
It is normally in a high impedance state unless a READ 
or an ENABLE BUSY instruction is executed. Following 
the completion of a 16-bit or 8-bit data stream, the output 


will return to the high impedance state. During a pro- 


preted as the next instruction if they are “1”s. Aninstruc- 


tion error will cause the device to abort operation and all 
I/O communication will be terminated until a reset is 
received. 


Figure 5. Program/Erase Timing 


gram/erase cycle, if the ENABLE BUSY instruction has 
been previously executed, the output will stay LOW 
while the device is BUSY, and it will be set HIGH when 
the program/erase cycle is completed. DO will stay 
HIGH until the completion of the next instruction’s op- 
code and, if the next instruction isa READ, DO will output 
the appropriate data at the end of the instruction. If the 
ENABLE BUSY instruction has not been previously 
executed, DO will stay ina high impedance state. DO will 


——— 
CS / : 


>|} 'ckH 


DI 
LAST ADDRESS BIT FOR ERASE tew 
LAST OPCODE BIT FOR ERAL 
LAST DATA BIT FOR WRITE/WRAL t 
PD 
DO HIGH-Z 


Figure 6. CS to DO Status Timing 
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also go to the high impedance state if an error condition 
is detected. If the ENABLE BUSY instruction has not 
been executed, to determine whether the device is ina 
program/erase cycle or in an error condition, a READ 
STATUS instruction may be entered. When the device 
is in a program/erase cycle it will output an 8-bit status 
word. If it does not, it is in an error condition. 


PE 


The Parity Enable pin is a TTL compatible input. If the PE 
pin is set HIGH, the device will be configured to commu- 
nicate using even parity, and if the pin is set LOW, it will 


Figure 7. Read Timing 
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use no parity. In this case, instructions or data that 
include parity bits will not be interpreted correctly. Note: 
The PE input is internally pulled down to GND (i.e. 
default = no parity). As with all CMOS devices, CS, CLK 
and Dl inputs must be connected to either HIGH or LOW, 
and not left floating. 


ERR 


The Error indication pin is an open drain output. If either 
an instruction or parity error exists, the ERR pin will 
output a “O” until the device is reset. This can be done by 
pulsing CS LOW. . 
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DEVICE OPERATION 


INSTRUCTIONS 
The CAT33C704 instruction set includes 19 instruc- 
tions. 


Six instructions are related to security or write protec- 
tion: 


DISAC __ Disable Access 
ENAC Enable Access 
~MACC Modify Access Code 

OVMPR_ Override Memory Pointer Register 

RMPR Read Memory Pointer Register 

WMPR_~ Write Memory Pointer Register 
Six instructions are READ/WRITE/ERASE instructions: 

ERAL Clear All Locations 

ERASE Clear Memory Locations 

READ Read Memory 

RSEQ Read Sequentially 

WRAL Write All 

WRITE Write memory 


Note: All write instructions will automatically perform a clear before 
writing data. 


Figure 9. EWEN/EWDS Timing 


Preliminary 


Seven instructions are used as control and status func- 


tions: 
DISBSY Disable Busy 
ENBSY Enable Busy 
EWEN __ Program/Erase Enable 
EWDS ___Program/Erase Disable 


NOP No Operations 
ORG Select Memory Organization 
RSR Read Status Register 


UNPROTECTED MODE 


As shipped from the factory, the CAT33C704 is in the 
unprotected mode. The access code length is set to 0, 
and the memory pointer is at address 00 hex. While in 
this mode, any portion of the E7PROM array can be read 
or written to without an access code. A portion of the 
memory may be protected from any write or clear 
operation by setting the memory pointer to the appropri- 
ate address via the WMPR (Write Memory Pointer 
Register) instruction: 


WMPR __ [address] 
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Preliminary 


As shown previously in Figure 3, memory locations 
below the address set in the memory pointer will be 
program/erase protected. Thus, unintentional clearing 
or writing of data in this area will be prevented, while 
memory locations at or above the protected area still 
allow full access. This protection does not apply to the 
ERAL and WRAL commands which are not blocked by 
the memory pointer. 


SECURE MODE 


As shown previously in Figure 2, in the secure mode, 
memory locations at or above the address set in the 
memory pointer allow READ-only access. Memory loca- 
tions below that address will require an access code 
before they can be accessed. The secure mode is 
activated with an MACC (Modify Access Code) instruc- 
tion followed by a user access code which can be one to 
eight bytes in length. 


EWEN 


MACC [old code][new code][new code] 


The EWEN instruction enables the device to perform 
program/erase operations. The new access code must 
be entered twice for verification. If the device already has 
~ an access code, the old access code must be entered 
before the new access code can be accepted. The 
length of the password is incorporated into the MACC 
portion of the instruction. 


Once the secure mode is activated, access to memory 
locations is under software control. Access (read, write, 
and clear instructions) to the memory locations below 
the address in the memory pointer is allowed only if the 
ENAC (Enable Access) instruction followed by the cor- 
rect access code has been previously executed. 


CAT33C704 


The ENAC instruction, along with the access code, 
enables access to the protected area of the device. The 
EWEN instruction enables execution of the program/ 
erase operations. This portion of the memory is other- 
wise inaccessible for any operation. Read-only access 
is allowed without the access code for memory locations 
at or above the address in the memory pointer. 


The access code can be changed by the following 
instruction: 


ENAC [old access code] 
EWEN 
MACC {old code][new code][new code] 


A two-tier protection scheme is implemented to protect 
data against inadvertent clearing or writing. To write to 
the memory, an EWEN (Program/Erase Enable) must 
first be issued. The CAT33C704 will now allow program/ 
erase operations to be performed only on memory 
locations at or above the address set in the memory 
pointer. The remaining portion of the memory is still 
protected. To override this protection, an OVMPR (Over- 
ride Memory Pointer Register—see Memory Pointer 
Register) must be issued for every program/erase in- 
struction which accesses the protected area: 


ENAC [access code] 
EWEN 

OVMPR 

WRITE _ [address][ data] 


As an alternative to the OVMPR instruction, the WMPR 
(Write Memory Pointer Register) instruction may be 
used to move the memory pointer address to uncover 
the area where writing is to be performed: 





ENAC [access code] 

ENAC [access code] EWEN 

EWEN WMPR __ [address] 

WRITE _[address][data] WRITE [address ][data ] 
Figure 11. ERAL Timing 
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As shipped from the factory, the device is in the unpro- 
tected mode. The length of the access code is user 
selectable from a minimum of one byte to a maximum of 
eight bytes (> 1.84x10'9 combinations). Loading a zero- 
length access code will disable protechon 


MEMORY POINTER REGISTER 


The memory pointer enables the user to segment the 
E2PROM array into two sections. In the unprotected 
mode, the array can be segmented between read-only 
and full access, while in the secure mode, the memory 
may be segmented between read-only access and 
password-only access. Three instructions are dedicated 
to the memory pointer operations. The first one is WMPR 
(Write Memory Pointer Register). This instruction, fol- 
lowed by an address, will load the memory pointer 
register with a new address. This address will be stored 
in the E7PROM and can be modified only by another 
WMPR instruction. The second instruction is OVMPR 


(Override Memory Pointer Register) which allows a_ 


single program/erase to be performed to memory loca- 
tions below the address set in the memory pointer. This 
instruction allows the user to modify data ina segmented 
array without having to move the memory pointer. Once 
the operation is complete, the device returns to the 
protected mode. If the device is in the secure mode both 
of these instructions require the ENAC instruction anda 
valid access code prior to their execution. The third 
instruction is the RMPR (Read Memory Pointer Regis- 
ter) which will place the current contents of the register 
in the serial output buffer. 


SECS PROTOCOL 


The CAT33C704 implements the SECS communication 
protocol which uses an 8-bit transmission format. As 
shown in Figures 7-13, all instructions are 8 bits long 


Figure 12. WRAL Timing 
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with the first bit being the start bit and the following 7 bits 
being the op-code. Data can be one or two bytes long 
depending on the instruction and the memory array 
organization. Each address is one or two bytes long 
depending on the organization of the memory array. In 
this protocol, the transmission of the MSB is always first 
and the LSB last. The CS (Chip Select) pin of the 
CAT33C704 may be used to frame the data transmis- 
sion packet or it may be set HIGH for the entire duration 
of operation. If an error in op-code or parity (if enabled) 
has been detected, the ERR output will be set LOW and 
the CAT33C704 will stop receiving and sending data 
until CS is toggled from HIGH to LOW to HIGH again. 
Alternatively, an error condition may be detected by 
interrogating the device for a status word. If an error 
condition has been detected, the DO (Data Output) pin 
will not respond. DO may be programmed to become tri- 
stated or to output a RDY/BUSY status flag during 
program/erase cycles (see ENBSY instruction). 


STATUS REGISTER 


An eight bit status register is provided to allow the user 
to determine the status of the CAT33C704. The contents 
of the first three bits of the register are 101 which allows 
the user to quickly determine the condition of the device. 
The next three bits indicate the status of the device; they 
are parity error, instruction error and RDY/BUSY status. 
The last two bits are reserved for future use. 


CLEAR ALL AND WRITE ALL 


As aprecaution, the ERAL instruction has to be entered 
twice before it is executed. This measure is required as 
a redundancy check on the incoming instruction for 
possible transmission errors. The WRAL instruction 
requires sending an ERAL first (this sets a flag only) and 
then the WRAL instruction. The CAT33C704 will accept 
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Preliminary 


the following commands: 


ERAL ERAL An ERAL will be executed 
ERAL WRAL AWRAL will be executed 


Both the ERAL and WRAL commands will program/ 
erase the entire array and will not be blocked by the 
memory pointer. 


THE PARITY BIT 


The SECS protocol supports an even parity bit if the PE 
pin of the device is set HIGH, otherwise, there is no 
parity. If PE is set LOW and the incoming instruction 
contains a parity bit, it may be interpreted as the start bit 
of the nextinstruction. When PE is HIGH, the CAT33C704 
expects a parity bit at the end of every incoming instruc- 
tion packet. For example, the RSEQ instruction will look 
like this: 


1100 1011 
A15...A8 
A7...A0 P 


The device then outputs data continuously until it reaches 
the end of the memory. The last byte of data contains 9 
bits. The ninth bit is the parity bit calculated over the 
entire transmitted data packet. The RSEQ instruction 
may be terminated at any time by bringing CS low; the 
output will then go to high impedance. 


Figure 13. Next Instruction Timing) 
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SYSTEM ERRORS 


Whenever an error occurs, be it an instruction error 
(unknown instruction), or parity error (perhaps caused 
by transmission error), the device will stop its operation. 
To return to normal operation, the device must be reset 
by pulsing CS LOW and then set back to HIGH. Reset- 
ting the device will not affect the ENAC, EWEN and 
ENBSY status. The error may be determined by entering 
the READ STATUS REGISTER (RSR) instruction 
immediatly following the reset. The status output is an 8 
bit word with the first three bits being 101. This three bit 
pattern indicates that the device is functioning normally. 
The fourth bit is “1” if a parity error occurred. The fifth bit 
is a “1” if an instruction error occurred. The sixth bit is a 
“1” ifthe device is in a program/erase cycle. The last two 
bits are reserved for future use. | 


The reason for the “101” pattern is to distinguish be- 
tween an error conditon (DO tri-stated) and a device 
busy status. If an error condition exists, it willnot respond 
to any input instruction from DI. However, if the device is 
inaprogram/erase cycle, it responds to the RSR instruc- 
tion by outputting “101 00100”. If RSR is executed at the 
end of a program/erase cycle, the output will be “101000 
00”. 
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(1) DO will be high impedance after the last instruction bit has been clocked in, unless the instruction is RSR or RMPR, in which case, DO will 


become active. 
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INSTRUCTION SET 
DISAC Disable Access 


This instruction will lock the memory from all program/ 
erase operations regardless of the contents of the memory 
pointer. A write can be accomplished only by first enter- 
ing the ENAC instruction followed by a valid access 
code. 


ENAC Enable Access 
[Access Code] 


In the protected mode, this instruction, followed by a 
valid access code, unlocks the device for read/write/ 
clear access. 


-WMPR Write Memory Pointer Register 
[A15-A8] [A7—A0] (x8 organization) 
[A7—A0] (x16 organization) 


The WMPR instruction followed by 8 or 16 bits of 
address (depending on the organization) will move the 
pointer to the newly specified address. 


~MACC Modify Access Code ' 


[1101 ] [Length] [Old code] [New cote 
[New code] 


This instruction requires the user to enter the old access 
code, if one was set previously, followed by the new 
access code and a re-entry of the new access code for 
verification. Within the instruction format, the variable 
[Length] designates the length of the access code as the 
following: , 


[Length] = [0] No access code. Set device to unpro- 
tected mode. 


[Length] = [1-8] Length of access code is 1 to 8 bytes. 


[Length] =[>8] Illegal number of bytes. The CAT33C704 
will ignore the rest of the transmission. 


RMPR Read Memory Pointer Register 
| 


Output the content of the memory pont register to the 
serial output port. 


OVMPR Override Memory Pointer Register 
1000 | 0011 | 


Override the memory protection for the next instruction. 


Preliminary 


- READ Read Memory 


1100 {1001 |; [A15—A8] [A7—A0O] (x8 organization) 
1100 | 1001 | [A7—A0] (x16 organization) 


Output the contents of the addressed memory location 
to the serial port. 


WRITE Write Memory 


1100 |0001 | [A15~A8] [A7—A0] [D7—DO] (x8 organization) 
1100 {0001 | [A7—A0] [D15—D8] [D7—DO] (x76 organization) 


Write the 8 bit or 16 bit data to the addressed memory 
location. After the instruction, address, and data have 
been entered, the self-timed program/erase cycle will 
start. The addressed memory location will be erased 
before data is written. The DO pin may be used to output 
the RDY/BUSY status by having previously entered the 
ENBSY instruction. During the program/erase cycle, DO 
will output a LOW for BUSY during this cycle and a HIGH 
for READY after the cycle has been completed. 





_ ERASE Clear Memory 


1100 |0000 | [A15—A8] [A7—A0] (x8 organization) 
1100 [0000 | [A7—A0] (x16 organization) 
Erase datain the specified memory location (set memory 


to “1”). After the instruction and the address have been 
entered, the self-timed clear cycle will start. The DO pin 





_ may be used to output the RDY/BUSY status by having 
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previously entered the ENSBY instruction. During the 
clear cycle, DO will output a LOW for BUSY during this 
cycle and a HIGH for ready after the od has been 
completed. 


ERAL Clear All 


1000 
1000 


1001 
1001 
Erase the data of all memory locations (all cells set to 


“1”). For protection against inadvertent chip clear, the 
ERAL instruction is required to be entered twice. 


WRAL Write All 


| 1000 | 1001 | | 
/1100 |0011 | [D15-D8] [D7—Do] (x16 organization) 
[D7—DO] (x8 organization) 


Write one or two bytes of data to all memory locations. 
An ERAL will be automatically performed before the 


Preliminary 


WRAL is executed. For protection against inadvertent 
clearing or writing of data, the ERAL instruction is 
required to be entered preceding the WRAL instruction. 


RSEQ Read Sequentially 


1100 | 1011 | [A15-—A8] [A7—A0O] (x8 organization) 
1100 | 1011 | [A7-AO] (x16 organization) 


Read memory starting from specified address, sequen- 
tially to the highest address or until CS goes LOW. The 
instruction is terminated when CS goes LOW. 


ENBSY Enable Busy 


Enable the status indicator on DO during program/erase 
cycle. DO goes LOW then HIGH once the write cycle is 
complete. DO will go to HIGH-Z at the end of the next op 
code transmission. 


DISBSY Disable Busy 
7 


Disable the status indicator on DO during program/ 
erase cycle. 


EWEN Program/Erase Enable 


Enable program/erase to be performed on non-pro- 
tected portion of memory. This instruction must be 


ORDERING INFORMATION 


Suffix 


Prefix Device # 


CAT 330704 J 


Product 
Number 





Package 
P: PDIP 


Notes: 


(1) The device used in the above example is a 33C704JI-TE7 (SOIC, Industrial Temperature, Tape & Reel) 
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Temperature Range 
Blank = Commercial (0°C to +70°C) 
| = Industrial (-40°C to +85°C) 


J: SOIC (JEDEC) 


CAT33C704 


entered before any program/erase instruction will be 
carried out. Once entered, it will remain valid until power- 
down or an EWDS (Program/Erase Disable) is ex- 
ecuted. 


EWDS Program/Erase Disable 

Disable all write and clear functions. 

ORG Select Memory Organization 

(where R = O or 1) 

Set memory organization to 512 x 8 if R=0. 
Set memory organization to 256 x 16 if R = 1. 
RSR Read Status Register 


Output the contents of the 8-bit status register. The 
contents of the first three bits of the register are 101, 
which allows the user to quickly determine whether the 
device is listening or is in an error condition. The next 
three bits indicate parity error, instruction errorand RDY/ 
BUSY status. The last two bits are reserved for future 
use. 


NOP No Operation 


No Operation. 





| TE7 





Tape & Reel 
TE7: 500/Reel 
TE13: 2000/Reel 





330704 F17 
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CAT35C804A 


4K-Bit Secure Access Serial E2PROM 


FEATURES 


m Single 5V Supply 

m Password READ/WRITE Protection: 1 to 8 Bytes 
m Memory Pointer WRITE Protection 

m Sequential READ Operation 

m 256 x16 or 512 x 8 Selectable Serial Memory 

m UART Compatible Asynchronous Protocol 

m 100,000 Program/Erase Cycles 


DESCRIPTION 


The CAT35C804A is a 4K-bit Serial E7PROM that safe- 


guards stored data from unauthorized access by use of 
a user selectable (1 to 8 byte) access code and a 
movable memory pointer. Two operating modes provide 
unprotected and password-protected operation allow- 
ing the user to configure the device as anything from a 


PIN CONFIGURATION 
DIP Package (P) 


SOIC Package (J) 


NC 
NC 
Vcc 
PE 
ERR 
GND 
NC 
NC 





PIN FUNCTIONS 


5074 FHD FO1 






[Pin teme | ___ Funcion 


EFA Ero incation Fn 
Note: 


(1) Dl, DO may be tied together to form a common V/0. 
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SEMI CON OUCT.OR 


ill 


Commercial and Industrial Temperature Ranges 


I/O Speed: 9600 Baud 
—Clock Frequency: 4.9152 MHz Xtal 


Low Power Consumption: 
—Active: 3mA 
—Standby: 250 uA 


100 Year Data Retention 


ROM to a fully protected no-access memory. The 
CAT35C804A uses a UART compatible asynchronous 
protocol and has a Sequential Read feature where data 
can be sequentially clocked out of the memory array. 
The device is available in 8-pin DIP or 16-pin SOIC 
packages. 













BLOCK DIAGRAM 
Vcc > 
GND —> 
64-BIT ACCESS CODE 
& 
CONTROL BLOCK 
DO 
ie SERIAL 
COMMUNI- 
ae CATION 
= BLOCK 4K-BIT EEPROM 
ARRAY 
R/W _ | ADDRESS 
BUFFER | DECODER 
INSTRUCTION 
REGISTER 
=A INSTRUCTION ADDRESS 
DECODER REGISTER 


STATUS 
REGISTER 


MEMORY 
POINTER 
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Characteristics subject to change without notice 
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ABSOLUTE MAXIMUM RATINGS* 


Temperature Under Bias ..................-55°C to +125°C 
Storage Temperature ............ vests 65°C to +150°C 
Voltage on Any Pin with . 
Respect to Ground") ........... -2.0V to +Vcc + 2.0V 
Voc with Respect to Ground .............. —2.0V to +7.0V 
Package Power Dissipation 
Capability (Ta = 25°C) ............. aue¥eanspenualveqaaaes 1.0W 
Lead Soldering Temperature (10 secs) ............ 300°C 
Output Short Circuit Current®) ooo. eee 100mA 


RELIABILITY CHARACTERISTICS 














ESD Susceptibility 2000 


D.C. CHARACTERISTICS 
Vcc = +5V +10%,unless otherwise specified. 


Symbol 
loc 


Power Supply Current 
(Operating) 
‘Isp Power Supply Current 
| (Standby) 

Input Low Voltage 
Input High Voltage p 
Output Low Voltage 
Output High Voltage 2.4 


. Input Leakage Current 
Output Leakage Current 


Note: 


ie 

[Tor® | OaiaRetnion | 100 |_| Yours 
— 
mace: 


*COMMENT 


Stresses above those listed under “Absolute Maximum 
Ratings” may cause permanent damage to the device. 
These are stress ratings only, and functional operation of 
the device at these or any other conditions outside of those 
listed in the operational sections of this specification is not 
implied. Exposure to any absolute maximum rating for 
extended periods may affect device performance and 
reliability. 


Cycles/Byte 


Voc = 5.5V, CS = OV 
DI = OV, CLK = OV 


(1) The minimum DC input voltage is -0.5V. During transitions, inputs may undershoot to —2.0V for periods of less than 20 ns. Maximum DC 


voltage on output pins is Vcc +0.5V, which may overshoot to Vcc + 2.0V for periods of less than 20ns. 
(2) Output shorted for no more than one second. No more than one output shorted at a time. 
(3) This parameter is tested initially and after a design or process change that affects the parameter. 
(4) Latch-up protection is provided for stresses up to 100 mA on address and data pins from —1V to Vcc +1V. 
(5) PE pin test conditions: Viy < Vin < Vit | 
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A.C. CHARACTERISTICS 
Vcc = +5V +10%,unless otherwise specified. 


Symbol | ne ae Typ. a Pee 


ie 

ve | eux 500667 

Tw207@) | Cik9D0HehZbeay | 

Cer | Powemtno Fuse wa | 
=< 
—— 
ia 
a 






















CS Low Pulse Width 
) tsv | ERR Output Delay 
Vcc to CS Setup Time 


so [ne Gs om 
= 


CL = 100pF 


© 
a 
tit 
nN 





Note: 
(1) This parameter is tested initially and after a design or process change that affects the parameter. 
(2) tyz is measured from the falling edge of the clock to the time when the output is no longer driven. 


5-31 


CAT35C804A 


PASSWORD PROTECTION 


The CAT35C804A is a 4K-bit E7PROM that features a 
password protection scheme to prevent unauthorized 
access to the information stored in the device. It contains 
an access code register which stores one to eight bytes 
of access code along with the length of that access code. 
Additionally, a memory. pointer register stores the ad- 
dress that partitions the memory into protected and 
unprotected areas. As shipped from the factory, the 
device is unprogrammed and unprotected. The length of 
the access code is equal to zero and the memory pointer 
register points to location zero. Every byte of the device 
is fully. accessible without an access code. Setting a 
password and moving the memory pointer register to 
cover all or part of the memory secures the device. Once 
secured, the memory is divided into a read/write area 
and a read-only area with the entry of a valid access 
code. If no access code is entered, the memory is 


Figure 1. A.C. Timing 


Preliminary 


divided into a read-only area and a non-access area. 
Figure 2 illlustrates this partitioning of the memory array. 


WRITE PROTECTION 
Another feature of the CAT35C804A is WRITE-protec- 


_ tion without the use of an access code. If the memory 


pointer register is set to cover all or part of the memory, 
without setting the access code register, the device may 
be divided into an area which allows full access, and an 
area which allows READ-only access. To write into the 
READ-only area, the user can override the memory 
pointer register for every WRITE instruction or he can 
simply move the address in the memory pointer register 
to uncover this area, and then write into the memory. 
This mechanism prevents inadvertent overwriting of 
important data in the memory without the use of an 
access code. Figure 3 illustrates this partitioning of the 
memory array. 


Vcc : 
/ tvccs , : 


CS 


CHARACTER TIME @ 9600 BAUD 


lb 
DI START BIT 
DO HIGH-Z 
MARK 
DATA TIMING eanee 
ker] DO Di D2 
BIT TIME c co 

104 us i 

Note: 

(1) If PE pin = 1. 


oS UHARRORREUER ERR MONMUPRREOEREERUUREEEE 


t 





D 


STOP BIT 
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READ SEQUENTIAL 


To allow for convenient reading of blocks of contiguous 
data, the device has a READ SEQUENTIAL instruction 
which accepts a starting address of the block and 
continuously outputs data of subsequent addresses 
until the end of memory, or until Chip Select goes LOW. 


The CAT35C804A communicates with external devices 
via an asynchronous serial communication protocol. 
The data transmission may be a continuous stream of 
data or it can be packed by pulsing Chip Select LOW in 
between each packet of information. (Except for the 
SEQUENTIAL READ instruction where Chip Select 
must be held high). 


Figure 2. Secure Mode 
ACCESS REGISTER: 
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PIN DESCRIPTIONS 


CS 


Chip Select is a TTL compatible input which, when set 
HIGH, allows normal operation of the device. Any time 
Chip Select is set LOW, it resets the device, terminating 
all 1/0 communication, and puts the output in a high 
impedance state. CS is used to reset the device if an 
error condition exists or to put the device in a power- 
down mode to minimize power consumption. It may also 
be used to frame data transmission in applications 
where the clock and data input have to be ignored from 
time to time. Although CS resets the device, it does not 
change the program/erase or the access-enable status, 
nor does it terminate a programming cycle once it has 
started. The program/erase and access-enable opera- 
tions, once enabled, will remain enabled until specific 
disabling instructions are sent or until power is removed. 





ACCESS CODE (1-8 BYTES) 





ACCESS CODE LENGTH: 1T08 
MEMORY POINTER: a...a 
— 255 (x16) 
511 (x8) 
READ-ONLY 
ACCESS 
POINTER 
REGISTER —a...a 
ADDRESS | 
IN MEMORY PASSWORD-ONLY 
ACCESS 
0 
5074 FHD FO4 
Figure 3. Unprotected Mode’) 
ACCESS REGISTER: X...X 
ACCESS CODE LENGTH: 0 
MEMORY POINTER: a...a 
—— 255 (x16) 
511 (x8) 
READ/WRITE/ERASE 
ACCESS 
POINTER 
REGISTER __a...a 
ADDRESS 
IN MEMORY READ-ONLY 
ACCESS 
— 0 





Note: 
(1) x = DON’T CARE; a = ADDRESS BIT. 
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CLK 


The System Clock is a TTL compatible input pin that 
allows operation of the device at a specified frequency. 
The CAT35C804A is designed with an internal divider to 
‘produce a 9600 baud output for an input clock frequency 
of 4.9152 MHz. 


Di 


The Data Input pin is TTL compatible and accepts data 
and instructions in a serial format. Each byte must begin 
with “O” as a start bit. The device will accept as many 
bytes as an instruction requires, including both data and 
address bytes. Extra bits will be disregarded if they are 
“1”s and extra “O’s will be misinterpreted as the start bit 
~ ofthe next instruction. An instruction error will cause the 
device to abort operation and all I/O communication will 
be terminated until a reset is received. 


Figure 4, Program/Erase Timing (x8 Format) 


Preliminary 


DO 


The Data Output pin is a tri-state TTL compatible output. 
It is normally in a high impedance state unless a READ 
or an ENABLE BUSY instruction is executed. Following 
the completion of a 16-bit or 8-bit data stream, the output 
will return to the high impedance state. During a pro- 
gram/erase cycle, if the ENABLE BUSY instruction has - 
been previously executed, the output will stay LOW 
while the device is BUSY, and it will be set HIGH when 
the program/erase cycle is completed. DO will stay 
HIGH until the completion of the next instruction’s op- 
code and, if the next instruction is a READ, DO will output 
the appropriate data at the end of the instruction. If the 
ENABLE BUSY instruction has not been previously 
executed, DO will stay ina high impedance state. DO will 





CS 
OP CODE ADDRESS | ADDRESS DATA 
| OPO-—OP7 | | A8—-A15 | AO-A7 DO-D7 
DI 


tew 


Busy(1) 





Figure 5. Program/Erase Timing (x16 Format) 
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CS 
OP CODE ADDRESS DATA DATA 
| OPO-OP7 | | AOQ-A7 | | D8—D15 | | DO-D7 | 
DI 





Note: 
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(1) DO becomes low to indicate busy status if ENBSY was previously executed. If ENBSY was not previously executed, DO will be in the 


High-Z condition. 
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also go to the high impedance state if an error condition 
is detected. In the event an ENABLE BUSY instruction 
has not been sent, a READ STATUS register instruction 
can be executed. This also tells the user whether the part 
is in a program/erase cycle or an error condtion. When 
the device is in a program/erase cycle it will output an 
8-bit status word. If it does not, it is in an error condition. 


PE 


The Parity Enable pinis a TTL compatible input. If the PE 
pin is set HIGH, the device will be configured to commu- 
nicate using even parity, and if the pin is set LOW, it will 
use no parity. In this case, instructions or data that 


Figure 6. Read Timing (x8 Format) 


CAT35C804A 


include parity bits will not be interpreted correctly. Note: 
The PE input is internally pulled down to GND (i.e. 
default = no parity). As with all CMOS devices, CS, CLK 
and DI inputs must be connected to either HIGH or LOW, 
and not left floating. 


ERR 


The Error indication pin is an open drain output. If either 
an instruction or parity error exists, the ERR pin will 
output a “O” until the device is reset. This can be done by 
pulsing CS LOW. 


veo fh 
euk LTTE EEE EEE EE 
o f[. 


OP CODE ADDRESS ADDRESS 
OPO-OP7 A8-A15 A0—-A7 





DATA 
DO-D7 


DO HIGH-Z CE 
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Figure 7. Read Timing (x16 Format) 


Vcc / 





OP CODE 
OPO-—OP7 


ADDRESS 
AO-A7 
DI 
DATA DATA 


D8-—D15 DO-D7 


DO HIGH-Z Ee \ HIGH-Z 
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DEVICE OPERATION 
INSTRUCTIONS | 


The CAT35C804<A instruction set includes 19 instruc- | 


tions. 


Six instructions are related to security or write protec- 
tion: 


DISAC Disable Access 

ENAC Enable Access 

MACC Modify Access Code 

OVMPR_ Override Memory Pointer Register 

RMPR Read Memory Pointer Register 

WMPR_ Write Memory Pointer Register 
Six instructions are READ/WRITE/ERASE instructions: 

ERAL Clear All Locations 

ERASE Clear Memory Locations 

READ Read Memory 

RSEQ Read Sequentially 

WRAL _iWrrite All 

WRITE Write memory 


Note: All write instructions will automatically perform a clear before 
writing data. | 


Figure 8. EWEN/EWDS Timing (x8 Format) 


Preliminary 


Seven instructions are used as control and status func- 
tions: | Poms 


DISBSY Disable Busy 


ENBSY Enable Busy 
EWEN  =Program/Erase Enable 
EWDS __s Program/Erase Disable 


NOP No Operation 
ORG Select Memory Organization 
RSR Read Status Register 


UNPROTECTED MODE 


As shipped from the factory, the CAT35C804A is in the 
unprotected mode. The access code length is set to 0, 
and the memory pointer is at address 00 hex. While in 
this mode, any portion of the E7PROM array can be read 
or written to without an access code. A portion of the 
memory may be protected from any write or clear 
operation by setting the memory pointer to the appropri- 
ate address via the WMPR (Write Memory Pointer 
Register) instruction: © 


WMPR _ [address] 


cs | " | 


OP CODE 
OPO-OP7 


a HIGH-Z 


Figure 9. EWEN/EWDS Timing (x16 Format) 
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OP CODE 
OPO-OP7 


DO HIGH-Z 


od 
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As shown previously in Figure 3, memory locations 
below the address set in the memory pointer will be 
program/erase protected. Thus, unintentional clearing 
or writing of data in this area will be prevented, while 
memory locations at or above the protected area still 
allow full access. This protection does not apply to the 
ERAL and WRAL commands which are not blocked by 
the memory pointer. 


SECURE MODE 


As shown previously in Figure 2, in the secure mode, 
memory locations at or above the address set in the 
memory pointer allow READ-only access. Memory loca- 


tions below that address will require an access code — 


before they can be accessed. The secure mode is 
activated with an MACC (Modify Access Code) instruc- 
tion followed by a user access code which can be one to 
eight bytes in length. 


EWEN 


MACC [old code][new code][new code] 


The EWEN instruction enables the device to perform 
program/erase operations. The new access code must 
be entered twice for verification. Ifthe device already has 
an access code, the old access code must be entered 
before the new access code can be accepted. The 
length of the password is incorporated into the MACC 
portion of the instruction. 


Once the secure mode is activated, access to memory 
locations is under software control. Access (read, write, 
and clear instructions) to the memory locations below 
the address in the memory pointer is allowed only if the 
ENAC (Enable Access) instruction followed by the cor- 
rect access code has been previously executed. 


ENAC 


[access code] 
EWEN 
WRITE _ [address][data] 


Figure 10. ERR Pin Timing 


CS 


ou LTTE 
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The ENAC instruction, along with the access code, 
enables access to the protected area of the device. The 
EWEN instruction enables execution of the program/ 
erase operations. This portion of the memory is other- 
wise inaccessible for any operation. Read-only access 
is allowed without the access code for memory locations 
at or above the address in the memory pointer. 


The access code can be changed by the following 
instruction: 


_ENAC [old access code] 
EWEN 
MACC [old code][new code][new code] 


A two-tier protection scheme is implemented to protect 
data against inadvertent clearing or writing. To write to 
the memory, an EWEN (Program/Erase Enable) must 
first be issued. The CAT35C804A will now allow pro- 
gram/erase operations to be performed only on memory 
locations at or above the address set in the memory 
pointer. The remaining portion of the memory is still 
protected. To override this protection, an OVMPR (Over- 
ride Memory Pointer Register—see Memory Pointer 
Register) must be issued for every program/erase in- 
struction which accesses the protected area: 


ENAC 
EWEN 
OVMPR 
WRITE _ [address][ data] 


As an alternative to the OVMPR instruction, the WMPR 
(Write Memory Pointer Register) instruction may be 
used to move the memory pointer address to uncover 
the area where writing is to be performed: 


[access code] 


ENAC [access code] 
EWEN 

WMPR __ [address] 
WRITE __ [address ][data ] 
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As shipped from the factory, the device is in the unpro- 


tected mode. The length of the access code is user 
_ selectable from a minimum of one byte to a maximum of 


eight bytes (> 1.84x10'9 combinations). Loading a zero- 
length access code will disable protection. 


MEMORY POINTER REGISTER 


The memory pointer enables the user to segment the 
E?PROM array into two sections. In the unprotected 
mode, the array can be segmented between read-only 
and full access, while in the secure mode, the memory 
may be segmented between read-only access and 
password-only access. Three instructions are dedicated 
tothe memory pointer operations. The first one is WMPR 
(Write Memory Pointer Register). This instruction, fol- 
lowed by an address, will load the memory pointer 
register with a new address. This address will be stored 
in the E7PROM and can be modified only by another 
WMPR instruction. The second instruction is OVMPR 
(Override Memory Pointer Register) which allows a 
single program/erase to be performed to memory loca- 
tions below the address set in the memory pointer. This 
instruction allows the user to modify data ina segmented 
array without having to move the memory pointer. Once 


Figure 11. Erase Timing (x8 Format) 


Preliminary 


the operation is complete, the device returns to the 
protected mode. If the device is in the secure mode both 
of these instructions require the ENAC instruction and a 
valid access code prior to their execution. The third 
instruction is the RMPR (Read Memory Pointer Regis- 


_ ter) which will place the current contents of the register 


in the serial output buffer. 


STATUS REGISTER 


An eight bit status register is provided to allow the user 
to determine the status of the CAT35C804A. The con- 
tents of the first three bits of the register are 101 which 
allows the user to quickly determine the condition of the 
device. The next three bits indicate the status of the 
device; they are parity error, instruction error and RDY/ 
BUSY status. The last two bits are reserved for future 
use. 


CLEAR ALL AND WRITE ALL 


As aprecaution, the ERAL instruction has to be entered 
twice before it is executed. This measure is required as 
a redundancy check on the incoming instruction for 
possible: transmission errors. The WRAL instruction 
requires sending an ERAL first (this sets a flag only) and 





Cel eee gee gees |CUC~C“‘“‘“COU‘C“#‘C(C(S(;;‘S;C:; 


Moor oot CODE 
opo-op7 | 


oars 
Aaa | 5 


aI 
 Ao-a7 | 


NEXT INSTRUCTION 


initiation ~~ iin 





Figure 12. Erase Timing (x16 Format) 
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OP CODE ADDRESS 
OP0O—OP7 AOQ-A7 
DI 
DO 
Note: 


NEXT INSTRUCTION 


"Wl —“‘OSOSCSCS 
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(1) DO becomes low to indicate busy status if ENBSY was previously executed. If ENBSY was not previously executed, DO will be in High-Z 


condition. 


5-38 


Preliminary 


then the WRAL instruction. The CAT35C804A will ac- 
cept the following commands: 


ERAL ERAL An ERAL will be executed 
ERAL WRAL A WRAL will be executed 


Both the ERAL and WRAL commands will program/ 
erase the entire array and will not be blocked by the 
memory pointer. 


THE PARITY BIT 


The UART compatible protocol supports an even parity 
bit if the PE pin of the device is set HIGH, otherwise, 
there is no parity. If PE is set LOW and the incoming 
instruction contains a parity bit, it may be interpreted as 
the stop bit. When PE is HIGH, the CAT35C804A 
expects a parity bit at the end of every byte. For example, 
the RSEQ instruction will look like this: 


0 1100 1011 11 
0 A15...A8 P1 
0 A7...A0 P1 


The device then outputs data continuously until it reaches 
the end of the memory. Each byte of data contains 9 bits 
with the ninth bit being the parity bit. The RSEQ instruc- 
tion may be terminated at any time by bringing CS low; 
the output will then go to high impedance. 


Figure 13. Asynchronous Communication Protocol 


pe CHARACTER n ++ CHARACTER n+1 er ard 
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SYSTEM ERRORS 


Whenever an error occurs, be it an instruction error 
(unknown instruction), or parity error (perhaps caused 
by transmission error), the device will stop its operation. 
To return to normal operation, the device must be reset 
by pulsing CS LOW and then set back to HIGH. Reset- 
ting the device will not affect the ENAC, EWEN. and 
ENBSY status. The error may be determined by entering 
the READ STATUS REGISTER (RSR) instruction 
immediatly following the reset. The status output is an 
8-bit word with the first three bits being 101. This three 
bit pattern indicates that the device is functioning nor- 
mally. The fourth bit is “1” if a parity error occurred. The 
fifth bit is a “1” if an instruction error occurred. The sixth 
bit is a “1” if the device is in a program/erase cycle. The 
last two bits are reserved for future use. 


The reason for the “101” pattern is to distinguish be- 
tween an error conditon (DO tri-stated) and a device 
busy status. If an error condition exists, it willnot respond 
to any input instruction from DI. However, if the device is 
in aprogram/erase cycle, it responds to the RSR instruc- 
tion by outputting “101 00100”. If RSR is executed at the 
end of a program/erase cycle, the output will be “101000 
00”. 


101X X X 


“LS. 


allt gate pet FUTURE USE 
RROR ROR 
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BITS 0-7 
BIT 


Note: 
(1) Parity bit if enabled; skipped if parity disabled. 
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INSTRUCTION SET 
DISAC Disable Access 


This instruction will lock the memory from all program/ 
erase operations regardless of the contents of the memory 
pointer. A write can be accomplished only by first enter- 
ing the ENAC instruction followed by a valid access 


MACC Modify Access Code 


[Length] [Old code] [New code] 
[New code] 


This instruction requires the user to enter the old access 
code, if one was set previously, followed by the new 
access code and a re-entry of the new access code for 
verification. Within the instruction format, the variable - 
[Length] designates the length of the access code as the 


code. . following: 
ENAC Enable Access 


0101 | [Access Code] 


In the protected mode, this instruction, followed by a 
valid access code, unlocks the device for read/write/ 
clear access. 


[Length] = [0] No access code. Set device to unpro- 
tected mode. 


[Length] = [1-8] angi of access code is 1 to 8 bytes. 


[Length] = [>8] Illegal number of bytes. The 
CAT35C804A will ignore the rest of the transmission. 


WMPR Write Memory Pointer Register 





RMPR Read Memory Pointer fi 


Output the content of the memory pointer register to the 
serial output port. 


eM [1100 [0100] [A15-A8] [A7-AO] (x8 organization) 
[A7-A0] (x16 organization) 
The WMPR instruction followed by 8 or 16 bits of 


address (depending on the organization) will move the 


i OVMPR Override Memory Pointer Register 
pointer to the newly specified address. 


Figure 14. ERAL Timing (x8 Format) 
CS | 
OP CODE OP CODE 
| OPO-OP7 | OPO-OP7 NEXT INSTRUCTION 


tew 






DO Busy(1) 
5076 FHD F15 


Figure 15. ERAL Timing (x16 Format) 


Wl ae eee 


OP Moon OP on 
“oPo-oP7 | opo_oP7 | NEXT INSTRUCTION 






DO Busy(1) 


5076 FHD Fi6. 


Note: 
(1) DO becomes low to indicate busy status if ENBSY was previously executed. If ENBSY was not previously executed, DO will be in the 
High-Z condition. 
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| 1000 | 0011 | 


Override the memory protection for the next instruction. 
READ Read Memory 


1100 | 1001 | [A15—A8] [A7—A0] (x8 organization) 
1100 | 1001 | [A7—AO] (x16 organization) 


Output the contents of the addressed memory location 
to the serial port. 


WRITE Write Memory 


1100 |0001 | [A15—A8] [A7—A0O] [D7—D0] (x8 organization) 
1100 ; 0001 | [A7—A0] [D15—D8] [D7—D0] (x16 organization) 


Write the 8-bit or 16-bit data to the addressed memory 
location. After the instruction, address, and data have 
been entered, the self-timed program/erase cycle will 
start. The addressed memory location will be erased 
before data is written. The DO pin may be used to output 
the RDY/BUSY status by having previously entered the 
ENBSY instruction. During the program/erase cycle, DO 
will output a LOW for BUSY during this cycle and a HIGH 
for READY after the cycle has been completed. 





Figure 16. WRAL Timing (x8 Format) 
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ERASE Clear Memory 


1100 {0000 | [A15—A8] [A7—A0] (x8 organization) 
1100 |0000 | [A7—A0] (x76 organization) 


Erase data in the specified memory location (set memory 
to “1”). After the instruction and the address have been 
entered, the self-timed clear cycle will start. The DO pin 
may be used to output the RDY/BUSY status by having 
previously entered the ENSBY instruction. During the 
clear cycle, DO will output a LOW for BUSY during this 
cycle and a HIGH for ready after the cycle has been 
completed. 


ERAL Clear All 





1000 | 1001 
1000 | 1001 
Erase the data of all memory locations (all cells set to 


“1”). For protection against inadvertent chip clear, the 
ERAL instruction is required to be entered twice. 


Moo one CODE OP Koo or 


opo_oP? | 


bop? | 


NEXT INSTRUCTION 


initio tis — UT 





Figure 17. WRAL Timing (x16 Format) 
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OP CODE 


| OPO-—OP7 | 


OP CODE 


| OP0O-OP7 | 





DI 


DATA 


| D8—D15 | 





DATA 


| DO-D7 | 


NEXT INSTRUCTION 









Note: 
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(1) DO becomes low to indicate busy status if ENBSY was previously executed. If ENBSY was not previously executed, DO will be in the 


High-Z condition. 
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WRAL Write All 


1000 | 1001 | 

[D15-D8] [D7—Do] (x16 organization) 

[D7—-D0] (x8 organization) 
Write one or two bytes of data to all memory locations. 
An ERAL will be automatically performed before the 
WRAL is executed. For protection against inadvertent 


clearing or writing of data, the ERAL instruction is 
required to be entered preceding the WRAL instruction. 


RSEQ Read Sequentially 


1100 {1011 | [A15—A8] [A7—A0] (x8 organization) 
1100 {1011 | [A7—A0] (x16 organization) 


Read memory starting from specified address, sequen- 
tially to the highest address or until CS goes LOW. The 
instruction is terminated when CS goes LOW. 


ENBSY Enable Busy 


Enable the status indicator on DO during program/erase 
cycle. DO goes LOW then HIGH once the write cycle is 
complete. DO will go to HIGH-Z at the end of the next op 
code transmission. 


DISBSY Disable Busy 


Disable the status indicator on DO during program/ 


erase cycle. 


ORDERING INFORMATION 


Suffix 


Prefix . Device # 


CAT — 35C804A a 


Product 
Number 





Package 


P: PDIP. | 
J: SOIC (JEDEC) 


Notes: 


(1) The device used in the above example is a 35C804AJI-TE7 (SOIC, Industrial Temperature, Tape & Reel) 


Temperature Range 
Blank = Commercial (0°C to +70°C) 
| = Industrial (-40°C to +85°C) 


Preliminary 


EWEN Program/Erase Enable 
| 


Enable program/erase to be performed on non-pro- 
tected portion of memory. This instruction must be 
entered before any program/erase instruction will be 
carried out. Once entered, it will remain valid until power- 
down or an EWDS (Program/Erase Disable) is ex- 
ecuted. 


EWDS Program/Erase Disable 

Disable all write and clear functions. 

ORG Select Memory Organization 

(where Ri = Oor 1) 

Set memory organization to 512 x 8 if R=0. 
Set memory organization to 256 x 16 if R = 1. 
RSR Read Status Register | 


Output the contents of the 8-bit status register. The 
contents of the first three bits of the register are 101, 
which allows the user to quickly determine whether the 
device is listening or is in an error condition. The next 
three bits indicate parity error, instruction error and RDY/ 
BUSY status. The last two bits are reserved for future 
use. 


NOP No Operation 


No Operation. 





| TE7 









Tape & Reel 


- TE7: 500/Reel 
TE13: 2000/Reel 
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CAT33C804A 


4K-Bit Secure Access Serial E7PROM 


FEATURES 


@ Single 3V Supply 

m Password READ/WRITE Protection: 1 to 8 Bytes 
m@ Memory Pointer WRITE Protection 

m Sequential READ Operation 

Mm 256 x 16 or 512 x 8 Selectable Serial Memory 

m@ UART Compatible Asynchronous Protocol 


DESCRIPTION 


The CAT33C804<A is a 4K-bit Serial E7P ROM that safe- 
guards stored data from unauthorized access by use of 
a user selectable (1 to 8 byte) access code and a 
movable memory pointer. Two operating modes provide 
unprotected and password-protected operation allow- 
ing the user to configure the device as anything from a 


PIN CONFIGURATION 
DIP Package (P) 


SOIC Package (J) 


NC 
NC 
Vcc 
PE 
ERR 
GND 
NC 
NC 





PIN FUNCTIONS 
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Chip Select 


| Pin Name _ 

(PE | Payne 
ERR | Err ncicaton Pin 
Note: 


(1) DI, DO may be tied together to form a common //O. 
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SEMICONOUCTOR 


m= Commercial and Industrial Temperature Ranges 
m@ 100,000 Program/Erase Cycles 


m I/O Speed: 9600 Baud 
—Clock Frequency: 4.9152 MHz Xtal 


m Low Power Consumption: 
'-Active: 3 mA 
~Standby: 250 uA 


m@ 100 Year Data Retention 


ROM to a fully protected no-access memory. The 
CAT33C804A uses a UART compatible asynchronous 
protocol and has a Sequential Read feature where data 
can be sequentially clocked out of the memory array. 
The device is available in 8-pin DIP or 16-pin SOIC 
packages. 









BLOCK DIAGRAM 
GND —> 
64-BIT ACCESS CODE 
& 
CONTROL BLOCK. 
DO 
ae SERIAL 
COMMUNI- 
PE CATION 
re BLOCK 4K-BIT EEPROM 
ARRAY 
R/W ADDRESS 
BUFFER | DECODER 
INSTRUCTION 
REGISTER 
an ._| INSTRUCTION ADDRESS 
“| DECODER REGISTER 


STATUS 
REGISTER 


MEMORY 
POINTER 
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Characteristics subject to change without notice 
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ABSOLUTE MAXIMUM RATINGS* 


- Temperature Under Bias ............:+.+- —55°C to +125°C 
Storage Temperature ................ as —65°C to +150°C 
Voltage on Any Pin with 

Respect to Ground) ...........-2.0V to +Vcc + 2.0V 
Vcc with Respect to Ground ............... —2.0V to +7.0V © 
Package Power Dissipation | 

Capability (Ta = 25°C) ......cceececcceseessesseneseeeeens 1.0W 
Lead Soldering Temperature (10 secs) ............ 300°C 
Output Short Circuit Current® woe 100mA 


RELIABILITY CHARACTERISTICS 















ESD Susceptibility 2000 


D.C. CHARACTERISTICS 
Voc = +3V +10%,unless otherwise specified. 





loc Power Supply Current 
(Operating) 

IsB Power Supply Current 
(Standby) 


Input Leakage Current Le 
Output Leakage Current Me 


Note: 


sa 
i 
— 






Symbol 


eee 

|ImputHigh Voltage | 2 TTT 
a 
hoe 
LS pea | 
_ 
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*COMMENT 


Stresses above those listed under “Absolute Maximum 
Ratings” may cause permanent damage to the device. 
These are stress ratings only, and functional operation of 
the device at these or any other conditions outside of those 
listed in the operational sections of this specification is not 
implied. Exposure to any absolute maximum rating for 
extended periods may affect device performance and 
reliability. 








| Units | Reference Test Method 
Cycles/Byte | MIL-STD-883, Test Method 1033 


MIL-STD-883, Test Method 3015. 
| mA | JEDEC Standard 17 | 





\ 








Test Conditions 
3 mA Vcc = 3.3V, CS = Vcc 
DO is Unloaded. 
LA 


Voc = 3.3V, CS = 0V 
DI = OV, CLK = OV 


lo = 2.1mMA 


lon = 400A 
Vin = 3.3V 










(1) The minimum DC input voltage is -0.5V. During transitions, inputs may undershoot to —2.0V for periods of less than 20 ns. Maximum DC 
voltage on output pins is Voc +0.5V, which may overshoot to Vcc + 2.0V for periods of less than 20ns. 

(2) Output shorted for no more than one second. No more than one output shorted at a time. 

(3) This parameter is tested initially and after a design or process change that affects the parameter. 

(4) Latch-up protection is provided for stresses up to 100 mA on address and data pins from —1V to Vcc +1V. 


(5) PE pin test conditions: Vin < Vin < Vit 
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Test Conditions 


A.C. CHARACTERISTICS 
Voc = +3V +10%,unless otherwise specified. 


Symbol 


J 

S 

~~ 

7) 
7) 


3 
a 









2 
s 


=) 

+ 2 
—. 
NO 






CS Hold Time CL = 100pF 
| tp | CLK to DO Delay Vin = Vin or ViL 


150 Vout = Vou or VoL 


7 


Note: 
(1) This parameter is tested initially and after a design or process change that affects the parameter. 
(2) tyz is measured from the falling edge of the clock to the time when the output is no longer driven. 


ol 
© 


150 


C. = 100pF 
us CL = 100pF 


MHz 


00 
5 
DC 


4.9152 
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‘PASSWORD PROTECTION 


The CAT33C804A is a 4K-bit E7PROM that features a 
password protection scheme to prevent unauthorized 
~ access to the information stored in the device. It contains 
an access code register which stores one to eight bytes 
of access code along with the length of that access code. 
Additionally, a memory pointer register stores the ad- 
dress that partitions the memory into protected and 
unprotected areas. As shipped from the factory, the 
device is unprogrammed and unprotected. The length of 
the access code is equal to zero and the memory pointer 
register points to location zero. Every byte of the device 
is fully accessible without an access code. Setting a 
password and moving the memory pointer register to 
cover all or part of the memory secures the device. Once 
secured, the memory is divided into a read/write area 
and a read-only area with the entry of a valid access 
code. If no access code is entered, the memory is 


Figure 1. A.C. Timing 


ou TTT 


to 


DI START BIT 


DO HIGH-Z 


DATA TIMING 


BIT TIME 
104 us 





Note: 
(1) If PE pin = 1. 


CHARACTER TIME @ 9600 BAUD 
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divided into a read-only area and a non-access area. 
Figure 2 illlustrates this partitioning of the memory array. 


WRITE PROTECTION 


Another feature of the CAT33C804A is WRITE-protec- 
tion without the use of an access code. If the memory 
pointer register is set to cover all or part of the memory, 
without setting the access code register, the device may 
be divided into an area which allows full access, and an 
area which allows READ-only access. To write into the 
READ-only area, the user can override the memory 
pointer register for every WRITE instruction or he can 
simply move the address in the memory pointer register 
to uncover this area, and then write into the memory. 
This mechanism prevents inadvertent overwriting of 
important data in the memory without the use of an 
access code. Figure 3 illustrates this partitioning of the 
memory array. 





tp 


STOP BIT 


tyz 
HIGH-Z 
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READ SEQUENTIAL 


To allow for convenient reading of blocks of contiguous 
data, the device has a READ SEQUENTIAL instruction 
which accepts a starting address of the block and 
continuously outputs data of subsequent addresses 
until the end of memory, or until Chip Select goes LOW. 


The CAT33C804A communicates with external devices 
via an asynchronous serial communication protocol. 
The data transmission may be a continuous stream of 
data or it can be packed by pulsing Chip Select LOW in 
between each packet of information. (Except for the 
SEQUENTIAL READ instruction where Chip Select 
must be held high). 


Figure 2. Secure Mode 
ACCESS REGISTER: 
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PIN DESCRIPTIONS 


CS 


Chip Select is a TTL compatible input which, when set 
HIGH, allows normal operation of the device. Any time 
Chip Select is set LOW, it resets the device, terminating 
all 1/0 communication, and puts the output in a high 
impedance state. CS is used to reset the device if an 
error condition exists or to put the device in a power- 
down mode to minimize power consumption. It may also 
be used to frame data transmission in applications 
where the clock and data input have to be ignored from 
time to time. Although CS resets the device, it does not 
change the program/erase or the access-enable status, 
nor does it terminate a programming cycle once it has 
started. The program/erase and access-enable opera- 
tions, once enabled, will remain enabled until specific 
disabling instructions are sent or until power is removed. 


ACCESS CODE (1-8 BYTES) 


ACCESS CODE LENGTH: 1108 
MEMORY POINTER: a...a 
__ 255 (x16) 
} 511 (x8) 
READ-ONLY 
ACCESS 
POINTER 
REGISTER _—s 
ADDRESS 
IN MEMORY PASSWORD-ONLY 
ACCESS 
a 
5074 FHD FO04 
Figure 3. Unprotected Mode(?) 
ACCESS REGISTER: XX 
ACCESS CODE LENGTH: 0 
MEMORY POINTER: a...a 
__ 255 (x16) 
511 (x8) 
READ/WRITE/ERASE 
ACCESS 
POINTER 
REGISTER —— 
ADDRESS 
IN MEMORY READ-ONLY 
ACCESS 
2G 





Note: 
(1) x = DON’T CARE; a= ADDRESS BIT. 
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CLK 


The System Clock is a TTL compatible input pin that 
allows operation of the device at a specified frequency. 
The CAT33C804A is designed with an internal divider to 
produce a 9600 baud output for an input clock frequency 
of 4.9152 MHz. ~ 


DI 


The Data Input pin is TTL compatible and accepts data 
and instructions in a serial format. Each byte must begin 
with “0” as a start bit. The device will accept as many 
bytes as an instruction requires, including both data and 
address bytes. Extra bits will be disregarded if they are 
“1”s and extra “O’s will be misinterpreted as the start bit 
of the next instruction. An instruction error will cause the 
device to abort operation and all I/O communication will 
be terminated until a reset is received. 


EE Figure 4. Program/Erase Timing (x8 Format) 


Preliminary 


DO 


The Data Output pin is a tri-state TTL compatible output. 
It is normally in a high impedance state unless a READ 
or an ENABLE BUSY instruction is executed. Following 
the completion of a 16-bit or 8-bit data stream, the output 
will return to the high impedance state. During a pro- 
gram/erase cycle, if the ENABLE BUSY instruction has 
been previously executed, the output will stay LOW 
while the device is BUSY, and it will be set HIGH when 
the program/erase cycle is completed. DO will stay 
HIGH until the completion of the next instruction’s op- 
code and, if the next instruction isa READ, DOwill output 
the appropriate data at the end of the instruction. If the 
ENABLE BUSY instruction has not been previously 
executed, DO will stay in a high impedance state. DO will 





CS 
OP CODE ADDRESS ADDRESS DATA 
OPO-—OP7 | A8—-A15 | | AQ-A7 | | DO-D7 | 





Figure 5. Program/Erase Timing (x16 Format) 
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CS 
OP CODE ADDRESS - DATA DATA 
l“opo_op? | | A0-A7 | | D8—D15 | | DO—D7 | 
DI 





Note: , 
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(1) DO becomes low to indicate busy status if ENBSY was previously executed. If ENBSY was not previously executed, DO will be in the 


High-Z condition. 
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also go to the high impedance state if an error condition 
is detected. In the event an ENABLE BUSY instruction 
has not been sent, a READ STATUS register instruction 
can be executed. This also tells the user whether the part 
is in a program/erase cycle or an error condtion. When 
the device is in a program/erase cycle it will output an 8 
bit status word. If it does not, it is in an error condition. 


PE 


The Parity Enable pin is a TTL compatible input. If the PE 
pin is set HIGH, the device will be configured to commu- 
nicate using even parity, and if the pin is set LOW, it will 
use no parity. In this case, instructions or data that 


Figure 6. Read Timing (x8 Format) 


CAT33C804A 


include parity bits will not be interpreted correctly. Note: 
The PE input is internally pulled down to GND (i.e. 
default = no parity). As with all CMOS devices, CS, CLK 
and Dl inputs must be connected to either HIGH or LOW, 
and not left floating. 


ERR 


The Error indication pin is an open drain output. If either 
an instruction or parity error exists, the ERR pin will 
output a “O” until the device is reset. This can be done by 
pulsing CS LOW. 


Voc / | 


: Oo 
ok LTTE Ei 


os i sauce oases 86=©=6CUe ll ( (‘(‘SDMt*t;‘( i‘Cé;S!””OC~;~;~; Ot: 


OP CODE 


| OPO-OP7 | 


ADDRESS 
A8-A15 


ADDRESS 
A0Q—-A7 


DATA 
DO—-D7 


DO HIGH-Z LL] . 


Figure 7. Read Timing (x16 Format) 
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OP CODE 
OPO-OP7 


ADDRESS 
A0O—-A7 


DI 
DATA 


D8—D15 


DATA 
DO-D7 


DO HIGH-Z hhh H!GH-Z. : 
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DEVICE OPERATION 


- INSTRUCTIONS | 
The CAT33C804A instruction set includes 19 instruc- 
tions. | 


Six instructions are related to security or write protec- 
tion: : 


DISAC Disable Access 
ENAC Enable Access 
MACC Modify Access Code 


OVMPR_ Override Memory Pointer Register 
RMPR Read Memory Pointer Register 
WMPR_~ Write Memory Pointer Register 


Six instructions are READ/WRITE/ERASE instructions: 
ERAL 


Clear All Locations 
ERASE Clear Memory Locations 
READ Read Memory 
RSEQ Read Sequentially 
WRAL i Wrrite All 
WRITE Write memory 


Note: All write instructions will automatically perform a clear before 


writing data. 


Figure 8. EWEN/EWDS Timing (x8 Format) 


Preliminary 


Seven instructions are used as control and status func- 
tions: 


DISBSY Disable Busy 


ENBSY Enable Busy 
EWEN _‘~ Program/Erase Enable 
EWDS _s Program/Erase Disable 


NOP No Operation 
ORG Select Memory Organization 
RSR Read Status Register 


UNPROTECTED MODE ~ 


As shipped from the factory, the CAT33C804A is in the 
unprotected mode. The access code length is set to 0, 
and the memory pointer is at address 00 hex. While in 
this mode, any portion of the E27PROM array can be read 
or written to without an access code. A portion of the 
memory may be protected from any write or clear 
operation by setting the memory pointer to the appropri- 
ate address via the WMPR (Write Memory Pointer 
Register) instruction: . 


WMPR __ [address] 


a 


- OPCODE 
| OPO-OP7 


DO HIGH-Z 


Figure 9. EWEN/EWDS Timing (x16 Format) 
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OP CODE 
OPO-—OP7 


DO HIGH-Z 
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5-50 


Preliminary 


As shown previously in Figure 3, memory locations 
below the address set in the memory pointer will be 
program/erase protected. Thus, unintentional clearing 
or writing of data in this area will be prevented, while 
memory locations at or above the protected area still 
allow full access. This protection does not apply to the 
ERAL and WRAL commands which are not blocked by 
the memory pointer. 


SECURE MODE 


As shown previously in Figure 2, in the secure mode, 
memory locations at or above the address set in the 
memory pointer allow READ-only access. Memory loca- 
tions below that address will require an access code 
before they can be accessed. The secure mode is 
activated with an MACC (Modify Access Code) instruc- 
tion followed by a user access code which can be one to 
eight bytes in length. 


EWEN 


MACC [old code][new code][new code] 


The EWEN instruction enables the device to perform 
program/erase operations. The new access code must 
be entered twice for verification. If the device already has 
an access code, the old access code must be entered 
before the new access code can be accepted. The 
length of the password is incorporated into the MACC 
portion of the instruction. 


Once the secure mode is activated, access to memory 
locations is under software control. Access (read, write, 
and clear instructions) to the memory locations below 
the address in the memory pointer is allowed only if the 
ENAC (Enable Access) instruction followed by the cor- 
rect access code has been previously executed. 


ENAC [access code] 
EWEN 
WRITE _[address][data] 


Figure 10. ERR Pin Timing 


CS 


ou HUTTE 
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The ENAC instruction, along with the access code, 
enables access to the protected area of the device. The 
EWEN instruction enables execution of the program/ 
erase operations. This portion of the memory is other- 
wise inaccessible for any operation. Read-only access 
is allowed without the access code for memory locations 
at or above the address in the memory pointer. 


The access code can be changed by the following 
instruction: 


ENAC [old access code] 
EWEN 
MACC [old code][new code][new code] 


A two-tier protection scheme is implemented to protect 
data against inadvertent clearing or writing. To write to 
the memory, an EWEN (Program/Erase Enable) must 
first be issued. The CAT33C804A will now allow pro- 
gram/erase operations to be performed only on memory 
locations at or above the address set in the memory 
pointer. The remaining portion of the memory is still 
protected. To override this protection, an OVMPR (Over- 
ride Memory Pointer Register—see Memory Pointer 
Register) must be issued for every program/erase in- 
struction which accesses the protected area: 


ENAC [access code] 
EWEN 

OVMPR 

WRITE _ [address] data] 


As an alternative to the OVMPR instruction, the WMPR 
(Write Memory Pointer Register) instruction may be 
used to move the memory pointer address to uncover 
the area where writing is to be performed: 


ENAC [access code] 
EWEN 

WMPR __ [address] 
WRITE _ [address |[data ] 
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As shipped from the factory, the device is in the unpro- 
tected mode. The length of the access code is user 
selectable from a minimum of one byte to a maximum of 
eight bytes (> 1.84x10'9 combinations). Loading a zero- 
length access code will disable protection. 


- MEMORY POINTER REGISTER 





The memory pointer enables the user to segment the 
E°PROM array into two sections. In the unprotected 
mode, the array can be segmented between read-only 
and full access, while in the secure mode, the memory 
may be segmented between read-only access and 
password-only access. Three instructions are dedicated 
to the memory pointer operations. The first one is WMPR 
(Write Memory Pointer Register). This instruction, fol- 
lowed by an address, will load the memory pointer 
register with a new address. This address will be stored 
in the E7PROM and can be modified only by another 
WMPR instruction. The second instruction is OVMPR 
(Override Memory Pointer Register) which allows a 
single program/erase to be performed to memory loca- 
tions below the address set in the memory pointer. This 
instruction allows the user to modify data ina segmented 
array without having to move the memory pointer. Once 


Preliminary 


the operation is complete, the device returns to the - 
protected mode. If the device is in the secure mode both 
of these instructions require the ENAC instruction and a 
valid access code prior to their execution. The third 
instruction is the RMPR (Read Memory Pointer Regis- 
ter) which will place the current contents of the register 
in the serial output buffer. 


STATUS REGISTER 


An eight bit status register is provided to allow the user 
to determine the status of the CAT33C804A. The con- 
tents of the first three bits of the register are 101 which 
allows the user to quickly determine the condition of the 
device. The next three bits indicate the status of the 
device; they are parity error, instruction error and RDY/ 
BUSY status. The last two bits are reserved for future 
use. 


CLEAR ALL AND WRITE ALL 


As aprecaution, the ERAL instruction has to be entered 
twice before it is executed. This measure is required as 
a redundancy check on the incoming instruction for 
possible transmission errors. The WRAL instruction 
requires sending an ERAL first (this sets a flag only) and 





Figure 11. Erase Timing (x8 Format) 






OP CODE ADDRESS ADDRESS 
| OPO-OP7 | A8-A15 A0-A7 
Di 
DO 


Figure 12. Erase Timing (x16 Format) 
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NEXT INSTRUCTION 
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DO 


Note: 


BusyY(1) 
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(1) DO becomes low to indicate busy status if ENBSY was previously executed. If ENBSY was not previously executed, DO will be in High-Z 


condition. 
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then the WRAL instruction. The CAT33C804A will ac- 
cept the following commands: 


ERAL ERAL 
ERAL WRAL 


An ERAL will be executed 
A WRAL will be executed 


Both the ERAL and WRAL commands will program/ 
erase the entire array and will not be blocked by the 
memory pointer. 


THE PARITY BIT 


The UART compatible protocol supports an even parity 
bit if the PE pin of the device is set HIGH, otherwise, 
there is no parity: If PE is set LOW and the incoming 
instruction contains a parity bit, it may be interpreted as 
the stop bit. When PE is HIGH, the CAT33C804A 
expects a parity bit at the end of every byte. For example, 
the RSEQ instruction will look like this: 


0 1100 1011 11 
0 A15...A8 P1 
0 A7...A0 P1 


The device then outputs data continuously until it reaches 
the end of the memory. Each byte of data contains 9 bits 
with the ninth bit being the parity bit. The RSEQ instruc- 
tion may be terminated at any time by bringing CS low; 
the output will then go to high impedance. 


Figure 13. Asynchronous Communication Protocol 


feo CHARACTER n ee ne n+1 a 
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SYSTEM ERRORS 


Whenever an error occurs, be it an instruction error 
(unknown instruction), or parity error (perhaps caused 
by transmission error), the device will stop its operation. 
To return to normal operation, the device must be reset 
by pulsing CS LOW and then set back to HIGH. Reset- 
ting the device will not affect the ENAC, EWEN and 
ENBSY status. The error may be determined by entering 
the READ STATUS REGISTER (RSR) instruction 
immediatly following the reset. The status output is an 
8-bit word with the first three bits being 101. This three 
bit pattern indicates that the device is functioning nor- 
mally. The fourth bit is “1” if a parity error occurred. The 
fifth bit is a “1” if an instruction error occurred. The sixth 
bit is a “1” if the device is in a program/erase cycle. The 
last two bits are reserved for future use. 


The reason for the “101” pattern is to distinguish be- 
tween an error conditon (DO tri-stated) and a device 
busy status. If an error condition exists, it will not respond 
to any input instruction from DI. However, if the device is 
inaprogram/erase cycle, itresponds to the RSRinstruc- - 
tion by outputting “101 00100”. If RSR is executed at the 
end of a program/erase cycle, the output will be “101000 
00”. 


101%X X X 


“AL\S 


Heals petit peu FUTURE USE — 
RROR RROR STATU 
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——— 
{ BITS 0-7 
START STOP 
BIT BIT 


Note: 
(1) Parity bit if enabled; skipped if parity disabled. 
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INSTRUCTION SET MACC Modify Access Code 
DISAC Disable Access [1101 ] [Length] [Old code] [New code] 

[New code] 


This instruction will lock the memory from all program/ 
erase operations regardless of the contents of the memory 
pointer. A write can be accomplished only by first enter- 
ing the ENAC instruction followed by a valid access 
code. 


ENAC Enable Access 
[1100 |0101| [Access Code] 


In the protected mode, this instruction, followed by a 
valid access code, unlocks the device for read/write/ 
clear access. 


- WMPR Write Memory Pointer Register 


fe [1100 [0100] [A15-A8] [A7-AO] (x8 organization) 


1100 |0100] [A7—AO] (x16 organization) 


The WMPR instruction followed by 8 or 16 bits of 
address (depending on the organization) will move the 
pointer to the newly specified address. 


Figure 14. ERAL Timing (x8 Format) 


This instruction requires the user to enter the old access 
code, if one was set previously, followed by the new 
access code and a re-entry of the new access code for 
verification. Within the instruction format, the variable 
[Length] designates the length of the access code as the 
following: 


[Length] = [0] No access code. Set device to unpro- 
tected mode. 


[1-8] Length of access code is 1 to 8 bytes. 


[Length] = [>8] Illegal number of bytes. The 
CAT33C804A will ignore the rest of the transmission. 


[Length] = 


RMPR Read Memory Pointer Register 
| 


Output the content of the memory pointer feuisiet to the 
serial output port. 


OVMPR Override Memory Pointer Register 


OS, oo ees = eas =SOCS:=C<“<s<“ CS St‘i‘ C 3Ot*t‘(‘i‘i‘i‘i‘ wt! 


OP CODE 
OPO-OP7 


OP CODE 


| OPO-—OP7 | 


DI 


tew 





DO Busy(1) 





Figure 15. ERAL Timing (x16 Format) 
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oo CODE 
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NEXT INSTRUCTION 
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Note: 
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(1) DO becomes low to indicate busy status i ENBSY was previously executed. If ENBSY was not previously executed, DO will be in the 


High-Z condition. 
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[1000 [0011 | 


Override the memory protection for the next instruction. 
READ Read Memory 


1100 |1001 | [A15—A8] [A7—A0] (x8 organization) 
1100 | 1001 | [A7—AO] (x16 organization) 


Output the contents of the addressed memory location 
to the serial port. 


WRITE Write Memory 


1100 {0001 | [A15—A8] [A7—A0] [D7—D0] (x8 organization) 
1100 |0001 | [A7—A0] [D15—D8] [D7—D0] (x76 organization) 


Write the 8-bit or 16-bit data to the addressed memory 
location. After the instruction, address, and data have 
been entered, the self-timed program/erase cycle will 
start. The addressed memory location will be erased 
before data is written. The DO pin may be used to output 
the RDY/BUSY status by having previously entered the 
ENBSY instruction. During the program/erase cycle, DO 
will output a LOW for BUSY during this cycle and a HIGH 
for READY after the cycle has been completed. 


ERASE Clear Memory 





CAT33C804A 


1100 |0000 | [A15—A8] [A7—A0] (x8 organization) 
1100 |0000 | [A7—AO] (x76 organization) 


Erase data in the specified memory location (set memory 
to “1”). After the instruction and the address have been 
entered, the self-timed clear cycle will start. The DO pin 
may be used to output the RDY/BUSY status by having 
previously entered the ENSBY instruction. During the 
clear cycle, DO will output a LOW for BUSY during this 
cycle and a HIGH for ready after the cycle has been 
completed. 


ERAL Clear All 





1000 | 1001 
1000 | 1001 
Erase the data of all memory locations (all cells set to . 


“1”). For protection against inadvertent chip clear, the 
ERAL instruction is required to be entered twice. 


WRAL Write All 





Figure 16. WRAL Timing (x8 Format) 
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OP CODE 


| OPO-—OP7 | 


OPO-OP7 


oor | 
o IT LO 


OP CODE DATA 


NEXT INSTRUCTION 





Figure 17. WRAL Timing (x16 Format) 
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OP CODE OP CODE DATA 
| OPO-OP7 | | OPO-—OP7 | | D8—D15 | 
DI 
DO 
Note: 


DATA 


| D0O-D7 | 


NEXT INSTRUCTION 


tew 


Busy(1) 
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(1) DO becomes low to indicate busy status if ENBSY was previously executed. if ENBSY was not previously executed, DO will be in the 


_ High-Z condition. 
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1000 | 

[D15-D8] [D7—Do0} (x16 organization) 

| 
{[D7—D0] (x8 organization) 
Write one or two bytes of data to all memory locations. 
An ERAL will be automatically performed before the 
WRAL is executed. For protection against inadvertent 


clearing or writing of data, the ERAL instruction is 
required to be entered preceding the WRAL instruction. 


RSEQ Read Sequentially 


1100 | 1011 | [A15-—A8] [A7—A0] (x8 organization) 
1100 | 1011 | [A7—A0] (x16 organization) 


Read memory starting from specified address, sequen- 
tially to the highest address or until CS goes LOW. The 
instruction is terminated when CS goes LOW. 


ENBSY Enable Busy 


Enable the status indicator on DO during program/erase 
cycle. DO goes LOW then HIGH once the write cycle is 
complete. DO will go to HIGH-Z at the end of the next op 
code transmission. 


DISBSY Disable Busy 
| 1000 | 0101 | 


Disable the status indicator on DO during program/ 
erase cycle. 


EWEN Program/Erase Enable 


ORDERING INFORMATION 


Suffix 


Prefix Device # 


CAT 33C804A J 


| Product 
Number | 





Package 
P: PDIP 
J: SOIC (JEDEC) 


Notes: 


(1) The device used in the above example is a 383C804AJI-TE7 (SOIC, Industrial Temperature, Tape & Reel) 





Temperature Range | 
Blank = Commercial (0°C to +70°C) 
| = Industrial (-40°C to +85°C) 
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/ 1000 | 0001 


Enable program/erase to be performed on non-pro- 
tected portion of memory. This instruction must be 
entered before any program/erase instruction will be 
carried out. Once entered, it will remain valid until power- 
down or an EWDS (Program/Erase Disable) is ex- 
ecuted. 


EWDS Program/Erase Disable 

Disable all write and clear functions. 

ORG Select Memory Organization 

(where R = 0 or 1) 

Set memory organization to 512 x 8 if R = 0. 
Set memory organization to 256 x 16 if R= 1. 
RSR Read Status Register 


Output the contents of the 8-bit status register. The 
contents of the first three bits of the register are 101, 
which allows the user to quickly determine whether the 
device is listening or is in an error condition. The next 
three bits indicate parity error, instruction errorand RDY/ 
BUSY status. The last two bits are reserved for future 
use. 


NOP No Operation 


No Operation. 





| TE7 








Tape & Reel 
TE7: 500/Reel 
TE13: 2000/Reel 
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CAT22C10 


256-Bit Nonvolatile CMOS Static RAM 


FEATURES 


mw Single 5V Supply 
m Fast RAM Access Times: 


-200ns 
-300ns 


m Infinite EPROM to RAM Recall 
m CMOS and TTL Compatible I/O 
m@ Power Up/Down Protection 


DESCRIPTION 


The CAT22C10 NVRAM is a 256-bit nonvolatile memory 
organized as 64 words x 4 bits. The high speed Static 
RAM array is bit for bit backed up by a nonvolatile 
E°PROM array which allows for easy transfer of data 
from RAM array to E7PROM (STORE) and from 
EPROM to RAM (RECALL). STORE operations are 
completed in 10ms max. and RECALL operations typi- 
cally within 1.5us. The CAT22C10 features unlimited 
RAM write operations either through external RAM 


PIN CONFIGURATION 
DIP Package (P) SOIC Package (J) 
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m Low CMOS Power Consumption: 
-Active: 40mA Max. 
—Standby: 30 LWA Max. 


m@ JEDEC Standard Pinouts: 


—18-pin DIP 
—16-pin SOIC 


m 10,000 Program/Erase Cycles (E7PROM) 
m 10 Year Data Retention 


m= Commercial and | 


ndustrial Temperature Ranges 


writes or internal recalls from E2PROM. Internal false 
store protection circuitry prohibits STORE operations 
when Vcc is less than 3.0V. 


The CAT22C10 is manufactured using Catalyst’s ad- 


vanced CMOS floating gate technology. It is designed 
to endure 10,000 program/erase cycles (E7PROM) and 
has a data retention of 10 years. The device is available 
in JEDEC approved 18-pin plastic DIP and 16-pin SOIC 


packages. 


PIN FUNCTIONS 


ots 


ration 


Characteristics subject to change without notice 
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~ BLOCK DIAGRAM 







E°PROM ARRAY 
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RECALL 
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RECALL 





CONTROL 
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MODE SELECTION()2)(3) _ 





RAM Read | 
RAM Write 


(E2PROM-—>RAM) 
(E2PROM-—>RAM) 
(RAM—>E2PROM) 
(RAM—>E2PROM) 





POWER-UP TIMING() 


Note: , 

(1) RECALL signal has priority over STORE signal when both are applied at the same time. 

(2) STORE is inhibited when RECALL is active. 

(3) The store operation is inhibited when Vcc is below = 3.0V. . . 

(4) This parameter is tested initially and after a design or process change that affects the parameter. 





CAT22C10 


ABSOLUTE MAXIMUM RATINGS* *COMMENT 
Temperature Under Bias.................. —55°C to +125°C Stresses above those listed under “Absolute Maximum 
Storage Temperature .................00000 —65°C to +150°C Ratings” may cause permanent damage to the device. 
ae These are stress ratings only, and functional operation 
Voltage on Any Pin a of the device at these or any other conditions outside of 
Respect to Ground ............. -2.0 to +VCC +2.0V those listed in the operational sections of this specifica- 
Vcc with Respect to Ground ..........006+ -2.0V to +7.0V tion is not implied. Exposure to any absolute maximum 


rating for extended periods may affect device perfor- 


Package Power Dissipation mance and reliability. 


Capability (Ta = 25°C) .........ceccececccceceeeeeeeeeeees 1.0W 
Lead Soldering Temperature (10 secs) ............ 300°C 
Output Short Circuit Current®) oe 100 mA 


RELIABILITY CHARACTERISTICS 


Nenp\") Endurance 10,000 
) 


| Max. | Units | Reference Test Method 

| Endurance Ss | 10,000 | ——| Cycles/Byte| _ MIL-STD-883, Test Method 1033 
Vzap\) | ESD Susceptibility 2000 | ——'|_—Volts_-—«|_~—« MIL-STD-883, Test Method 3015 
IH(4) | — Latch-Up } 100 | = | mA | JEDEC Standard 17 


D.C. OPERATING CHARACTERISTICS 
Voc = +5V +10%, unless otherwise specified. 


Symbol Parameter 
Icc Current Consumption 
4 





All Inputs = 5.5V 
Ta = 0°C 
All 1/O’s Open 


All I/O’s Open 
| 


(Operating) 





(Standby) 
VoL 


2 


lo. = 4.2mA 


| Max. 
3 
: 

08 

os : 


1.5 


CAPACITANCE Ta = 25°C, f = 1.0 MHz, Voc = 5V 


(1) This parameter is tested initially and after a design or process change that affects the parameter. 


Note: , 

(2) The minimum DC input voitage is -0.5V. During transitions, inputs may undershoot to -2.0V for periods of less than 20 ns. Maximum DC 
voltage on output pins is Vcc +0.5V, which may overshoot to Vcc +2.0V for periods of less than 20 ns. 

(3) Output shorted for no more than one second. No more than one output shorted at a time. 

(4) Latch-up protection is provided for,stresses up to 100 mA on address and data pins from -1V to Vcc +1V. 
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oe 
|_twet” | OutputDisable Time | | t00_ || 100 | ns 
po | 


CAT22C10 





A.C. CHARACTERISTICS, Write Cycle - 
Voc = +5V +10%, unless otherwise specified. 


[zacte20 | 2201080 
[us| Address SeupTime | so | | 80 | 
ce 

a 













CL = 100pF 
+1TTL gate 
VoH = 2.2V 
Voit = 0.65V 
Vin = 2.2V 

Vit = 0.65V 










twrR Write Recovery Time 
‘tow Data Valid Time 100 | | 100 
toy | Data Hold Time foo f | 










tow ~ Output Enable Time = 





A.C. CHARACTERISTICS, Read Cycle 
Vcc = +5V +10%, unless otherwise specified. 


22C10-20 22C 10-30 
Symbol Parameter Conditions _ 
C 


tHz) 





Note: 
(1) This parameter is tested initially and after a design or process change that affects the. parameter. 
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CAT22C10 


CL = 100pF + 1TTL gate 
Vou = 2.2V, VoL = 0.65V 
Vin = 2.2V, Vit = 0.65V 


A.C. CHARACTERISTICS, Store Cycle 
Vcc = +5V +10%, unless otherwise specified. 


Symbol Parameter 


| Min, | Max. | 
Fost?” [Store ErabieTime | 0 | | as 



















A.C. CHARACTERISTICS, Recall Cycle 
Voc = +5V +10%, unless otherwise specified. 


rtncc | RecalGyeeTine | ia | |e 
[trop | RecallPusewieth | 90 | =| re 
[tcz | RecatlDsabietine [| 100 | ne 
[onc | RecallEnabeTine | 0 | +| re 
[taro | RecallData cess tine | [4a | ae 


Note: 
(1) This parameter is tested initially and after a design or process change that affects the parameter. 











CL = 100pF + 1TTL gate 
Von = 2.2V, Voi = 0.65V 
Vin = 2.2V, Vit = 0.65V 










CAT22C10 


DEVICE OPERATION 


The configuration of the CAT22C10 allows a common 
address bus to be directly connected to the address 
inputs. Additionally, the Input/Output (I/O) pins can be 
directly connected to a common |/O bus if the bus has 
less than 1 TTL load and 100pF capacitance. If not, the 
I/O path should be buffered. — 


When the chip select (CS) pin goes low, the device is 
activated. When CS is forced high, the device goes into 
the standby mode and consumes very little current. With 
the nonvolatile functions inhibited, the device operates 
like a Static RAM. The Write Enable (WE) pin selects a 


write operation when WE is low and a read operation - 


when WE is high. In either of these modes, an array byte 
(4 bits) can be addressed uniquely by using the address 
lines (Ao—As), and that byte will be read or written to 
through the Input/Output pins (I/Oo—I/Os). 


The nonvolatile functions are inhibited by holding the 
STORE input and the RECALL input high. When the 
RECALL input is taken low, it initiates a recall operation 
which transfers the contents of the entire E7PROM array 
into the Static RAM. When the STORE inputis taken low, 








Figure 1. Read Cycie Timing 


ADDRESS 





DATA /O 


OXKAXK 


it initiates a store operation which transfers the entire — 
Static RAM array contents into the E7PROM array. 


Standby Mode 


The chip select (CS) input controls all of the functions of 
the CAT22C10. When a high level is supplied to the CS 
pin, the device goes into the standby mode where the 
outputs are put into a high impendance state and the 
power consumption is drastically reduced. With Isp less 
than 100uUA in standby mode, the designer has the 
flexibility to use this part in battery operated systems. 


Read 


When the chip is enabled (CS = low), the nonvolatile 
functions are inhibited (STORE = high and RECALL = 
high). With the Write Enable (WE) pin held high, the data 
inthe Static RAM array may be accessed by selecting an 
address with input pins Ao—As. This will occur when the 
outputs are connected to a bus which is loaded by no 
more than 100pF and 1 TTL gate. If the loading is greater 
than this, some additional buffering circuitry is recom- 
mended. | | 





DATA VALID 


—— OY) on 
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Write 


With the chip enabled and_the nonvolatile functions 
inhibited, the Write Enable (WE) pin will select the write 
mode when driven to a low level. In this mode, the 
address must be supplied for the byte being written. 
After the set-up time (tas), the input data must be 
supplied to pins I/Oo-l/O3. When these conditions, in- 


Figure 2. Write Cycle Timing 


ADDRESS 


CAT22C10 


cluding the write pulse width time (twp) are met, the data 
will be written to the specified location in the Static RAM. 
A write function may also be initiated from the standby 
mode by driving WE low, inhibiting the nonvolatile func- 
tions, supplying valid addresses, and then taking CS low 
and supplying input data. 


two 


= TOO, , (ZITITL{TTL 
WE << il WR 

DATA IN 

EE AKOKUAOOKUONOKOON 7 


Figure 3. Early Write Cycle Timing 


ADDRESS 
cs 
tas 
WE > YM 





DATAIN, XXX KAXAX 


DATA OUT 


OXY 
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DATA VALID 
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tWwc 


twP 


tpw tDH 







HIGH-Z 
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Recall 
At anytime, except during a store operation, taking the 


RECALL pin low will initiate a recall operation. This is | 


independent of the state of CS, WE, or Ao—As. After the 
RECALL pin has been held low for the duration of the 
Recall Pulse Width (trcp), the recall will continue inde- 
pendent of any other inputs. During the recall, the entire 
contents of the E°7PROM array is transferred to the Static 
RAM array. The first byte of data may be externally 
accessedafter the recalled data access time from end of 
recall (tarc) is met. After this, any other byte may be 
accessed by using the normal read mode. 


If the RECALL pin is held low for the entire Recall Cycle 
time (trcc), the contents of the Static RAM may be 
immediately accessed by using the normal read mode. 
A recall operation can be performed an unlimited num- 
ber of times without affecting the integrity of the data. 


The outputs 1/Oo-I/O3 will go into the high impedance 
state as long as the RECALL signal is held low. 


Store 


At any time, except during a recall operation, taking the 
STORE pin low will initiate a store operation. This takes 


Figure 4. Recall Cycle Timing 





ADDRESS KXXKXXXMAXXXAXXKK 
ce (AAA 


tRoz 


Figure 5. Store Cycle Timing 


STORE 


DATA I/O 


i ae DATA UNDEFINED DATA VALID : ; 
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place independent of the state of CS, WE or Ao—As. The 
STORE pin must be held low for the duration of the Store 
Pulse Width (tstp) to ensure that a store operation is 
initiated. Once initiated, the STORE pin becomes a 
“Don’t Care”, and the store operation will complete its 
transfer of the entire contents of the Static RAM array 
into the E2PROM array within the Store Cycle time 
(tstc). Ifa store operation is initiated during a write cycle, 
the contents of the addressed Static RAM byte and its 
corresponding byte in the E?7PROM array will be un- 
known. 





During the store operation, the outputs are in a high 
impedance state. A minimum of 10,000 store operations 
can be performed reliably and the data written into the 
E2PROM array has a minimum data retention time of 10 
years. | 


DATA PROTECTION DURING POWER-UP AND 
POWER-DOWN 


The CAT22C10 has on-chip circuitry which will prevent 
a store operation from occurring when Vcc falls below — 
3.0V typ. This function eliminates the potential hazard of 
spurious signals initiating a store operation when the 
system power is below 3.0V typ. 


tRoc 


tARC 
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lost 
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CAT22C10 


ORDERING INFORMATION 


Prefix Device # Suffix 


CAT 22C10 oJ l -20 TE7 


Product 
Number 









Temperature Range Tape & Reel 
Blank = Commercial (0°C to +70°C) TE7: 500/Reel 
| = Industrial (-40°C to +85°C) TE13: 2000/Reel 


















Package 
P: PDIP 
J: SOIC (JEDEC) 


Speed 
20: 200ns 
30: 300ns 


22C10 F08 


Notes: 
(1) The device used in the above example is a 22C10JI-20TE7 (SOIC, Industrial Temperature, 200ns Access Time, Tape & Reel) 
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CAT24C44 


256-Bit Serial Nonvolatile CMOS Static RAM 


FEATURES 


m Single 5V Supply 
@ Infinite E7PROM to RAM Recall 
m@ CMOS and TTL Compatible I/O 


m Low CMOS Power Consumption: 
—Active: 3 mA Max. 
—Standby: 30 LA Max. 


m Power Up/Down Protection 


DESCRIPTION 


The CAT24C44 Serial NVRAM is a 256-bit nonvolatile 
memory organized as 16 words x 16 bits. The high 
speed Static RAM array is bit for bit backed up by a 
nonvolatile E7PROM array which allows for easy trans- 
fer of data from RAM array to E7PROM (STORE) and 
from E2PROM to RAM (RECALL). STORE operations 
are completed in 10ms max. and RECALL operations 
typically within 1.5us. The CAT24C44 features unlimited 
RAM write operations either through external RAM 
writes or internal recalls from E?PROM. Internal false 


PIN CONFIGURATION 


DIP Package (P) SOIC Package (S) 


Voc CE [_]e1 8 Vcc 
STORE SK FJ 2 7 [4 STORE 
RECALL DIC] 3 6 [7] RECALL 
Vss DO [| 4 ST Vss 
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MNCATACYST 





= Commercial and Industrial Temperature Ranges 


m JEDEC Standard Pinouts: 
—8-pin DIP 
—8-pin SOIC 


m 10,000 Program/Erase Cycles (E27PROM) 
10 Year Data Retention 


m@ Auto Recall on Power-up 


store protection circuitry prohibits STORE operations 
when Vcc is less than 3.5V (typical) ensuring E7PROM 
data integrity. | 


The CAT24C44 is manufactured using Catalyst’s ad- 
vanced CMOS floating gate technology. It is designed to 
endure 10,000 program/erase cycles (E7PROM) and 
has a data retention of 10 years. The device is available 
in JEDEC approved 8-pin plastic DIP and SOIC pack- 
ages. 


PIN FUNCTIONS 


Function 


Fin Name | 
of Seri 
-— 50 | Seria Data Guipat 
CC 
SS 
















Characteristics subject to change without notice 











CAT24C44 





BLOCK DIAGRAM 





E°PROM ARRAY 
STATIC RAM 


sale CONTROL 
256-BIT 
| | LOGIC 


STORE 
RECALL 








CE 









INSTRUCTION 





DI DO 
SK Vcc 
VsSs 





COLUMN - 
REGISTER DECODE 
INSTRUCTION : - 4-BIT 
DECODE Je COUNTER 
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MODE SELECTION?) 


(one | eat | mes, [he Pe 
STORE RECALL Instruction Latch Latch 





CL 


X = Don’t Care . 





_ POWER-UP TIMING 


VCCSR Voc Slew Rate 














Power-Up to Write or Store Operation 


ms | 


Note: 

(1) The store operation has priority over all the other operations. 

(2) The store operation is inhibited when Vcc is below = 3.5V. 

(3) NOP designates that the device is not currently executing an instruction. 

(4) This parameter is tested initially and after a design or process change that affects the parameter. 
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CAT24C44 


ABSOLUTE MAXIMUM RATINGS* *COMMENT 
Temperature Under Bias................. —55°C to +125°C Stresses above those listed under “Absolute Maximum 
Storage Temperature ...........cccccceeees —65°C to +150°C Ratings: may ease permanent Gamage fone eevice: 
oS These are stress ratings only, and functional operation 
Voltage on Any Pin wih of the device at these or any other conditions outside of 
Respect to Ground”) ............. -2.0 to +VCC +2.0V those listed in the operational sections of this specifica- 
Vcc with Respect to Ground ..........00.. -2.0V to +7.0V tion is not implied. Exposure to any absolute maximum 


rating for extended periods may affect device perfor- 


Package Power Dissipation mance and reliability 


Capability (Ta = 25°C) .0......cccccccccsceseseeseneees 1.0W 
Lead Soldering Temperature (10 secs) ............ 300°C 
Output Short Circuit Current® ooo eee. 100 mA 


RELIABILITY CHARACTERISTICS 


10,000 | —‘| Cycles/Byte| _ MIL-STD-883, Test Method 1033 











ESD Susceptibility 2000 MIL-STD-883, Test Method 3015 
IH) Latch-Up JEDEC Standard 17 


D.C. OPERATING CHARACTERISTICS 
Vcc = 5V +10%, unless otherwise specified. 


_ Symbol 
Current Consumption (Operating) 


Lesa! 
are ernpin Senay) | 
mae 
apttenage Goren | 
= 
— 
= 
_ 





















| Typ. | Max. | 
3 mA Inputs = 5.5V, Ta = 0°C 
lan All Outputs Unloaded 





0< Vout < 5.5V 


lo. = 4.2mMA 


Input Current 
High Level Input Voltage 
Low Level Input Voltage 


High Level Output Voltage 
Low Level Output Voltage 


CAPACITANCE Ta = 25°C, f = 1.0 MHz, Voc = 5V 


Input/Output Capacitance 
Input Capacitance 


Note: 

(1) This parameter is tested initially and after a design or process change that affects the parameter. 

(2) The minimum DC input voltage is —0.5V. During transitions, inputs may undershoot to —2.0V for periods of less than 20 ns. 
Maximum DC voltage on output pins is Voc +0.5V, which may overshoot to Voc +2.0V for periods of less than 20 ns. 

(3) Output shorted for no more than one second. No more than one output shorted at a time. . 

(4) Latch-up protection is provided for stresses up to 100 mA on address and data pins from —-1V to Vcc +1V. 


i 
VoL 
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CAT24C44 


A.C. CHARACTERISTICS | 
Voc = 5V +10%, unless otherwise specified. 


[symbol | —__ Parameter [Win — 
tz 
: 
800 





























C. = 100pF + 1TTL gate 
Von = 2.2V, VoL = 0.65V 
Vin = 2.2V, Vit = 0.65V 


Input rise and fall times = 10ns 





i 
[wo | SkData Vaid Tine 

Pe | Ce DisabieTing | 
| teos | CE De-Select Time | 800 


A.C. CHARACTERISTICS, Store Cycle 
Voc = 5V +10%, unless otherwise specified. 


= 
Symbol Parameter | Min. | 


Csr | Swetme | 
se | Store Puise wie | 200 
sz | Soe sable Tine | 


| Max. 
ae 
ae 
aaa 
La! 
aes 
ae 
| 





[Units 
ns 
me. | 
| ns 
ed 
oe 
pms 
pet 











rarer 
) ms | C.=100pF + 1TTL gate 
ons | 
ons | 


VoH = 2.2V, VoL = 0.65V 
Vin = 2.2V, Vit = 0.65V © 





A.C. CHARACTERISTICS, Recall Cycle 
Voc = 5V +10%, unless otherwise specified. 


200 
[symbot | Parameter | Min 
7 a 
ana 














a 
a 
a 
S 


CL = 100pF + 1TTL gate 
VoH = 2.2V, VoL = 0.65V_ | 
Vin = 2.2V, Vit = 0.65V 


Recall Disable Time 
Recall Enable Time 
taRc Recall Data Access Time 


INSTRUCTION SET 


OP Code Operation 


WRDS i ae XXXX | 000 | Reset Write Enable Latch (Disables, Writes and Stores) 
WRITE AAAA Write Data into RAM Address AAAA 





| Max. | 
eee) 
100 
wax 
aa 
me 
aan 





Instruction 


STO 
WREN - XXXX Set Write Enable Latch (Enables, Writes and Stores) 


XXXX 101. Recall E2PROM Data into RAM 
AAAA 11X Read Data From RAM Address AAAA 


READ | 


X = Don't care 
A = Address bit 
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DEVICE OPERATION 


The CAT24C44 is intended for use with standard micro- 
processors. The CAT24C44 is organized as 16 registers 
by 16 bits. Seven 8-bit instructions control the device’s 
operating modes, the RAM reading and writing, and the 
E?PROM storing and recalling. It is also possible to 
control the E7PROM store and recall functions in hard- 
ware with the STORE and RECALL pins. The CAT24C44 
operates on a single 5V supply and will generate, on 
chip, the high voltage required during a RAMto E2PROM 
storing operation. 








Instructions, addresses and write data are clocked into 
the DI pin on the rising edge of the clock (SK). The DO 
pin remains in a high impedance state except when 
outputting data from the device. The CE (Chip Enable) 
pin must remain high during the entire data transfer. 


The format for all instructions sent to the CAT24C44 is 
a logical ‘1’ start bit, 4 address bits (data read or write 
operations) or 4 “Don’t Care” bits (device mode opera- 
tions), and a 3-bit op code (see Instruction Set). For data 
write operations, the 8-bit instruction is followed by 16 
bits of data. For data read instructions, DO will come out 
of the high impedance state and enable 16 bits of data 
to be clocked from the device. The 8th bit of the read 
instruction is a “Don’t Care” bit. This is to eliminate any 
bus contention that would occur in applications where 
the DI and DO pins are tied together to form a common 
DI/DO line. A word of caution while clocking data to and 


Figure 1. RAM Read Cycle Timing 


CAT24C44 


from the device: If the CE pin is prematurely deselected 
while shifting in an instruction, that instruction will not be 
executed, and the shift register internal to the CAT24C-44 
will be cleared. If there are more than or less than 16 
clocks during a memory data transfer, an improper data 
transfer will result. The SK clock is completely static 
allowing the user to stop the clock and restart it to 
resume shifting of data. 


Read 


Upon receiving a start bit, 4 address bits, and the 3-bit 
read command (clocked into the DI pin), the DO pin of 
the CAT24C44 will come out of the high impedance state 
and the 16 bits of data, located at the address specified 
in the instructions, will be clocked out of the device. 
When clocking data from the device, the first bit clocked 
out (DO) is timed from the falling edge of the 8th clock, 
all succeeding bits (D1—D15) are timed from the rising 
edge of the clock. 


Write 


After receiving a start bit, 4 address bits, and the 3-bit 
WRITE command, the 16-bit word is clocked into the 
device for storage into the RAM memory location speci- 
fied. The CE pin must remain high during the entire write 
operation. 


O t¥KaXaXaXayYr 1Xx\" 
-——----:-r~wrwr_ 
D0 ae (Oo 01 X D2 X DsK >” Kora X01 X Oo 


Figure 2. RAM Write Cycle Timing 
CE 
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ees 


D TXAXAKAKAL OS 1 1X PoX 1X 2X PBX KOK O14X 15} 


Note: 
(1) Bit 8 of READ instruction is “Don’t Care”. 
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CAT24C44 





WREN/WRDS 


The CAT24C44 powers up in the program disable state 
(the “write enable latch” is reset). Any programming 


after power-up or after a WRDS (RAM write/E27PROM > 


store disable) instruction must first be preceded by the 
WREN (RAM write/E2PROM store enable) instruction. 
Once writing/storing is enabled, it will remain enabled 


until power to the device is removed, the WRDS instruc- . 


tion is sent, or an E27PROM store has been executed 


Figure 3. Read Cycle Timing 


(STO). The WRDS (write/store disable) can be used to 
disable all CAT24C44 programming functions, and will 
prevent any accidental writing to the RAM, or storing te to 
the E*PROM. 


Data can be read normally from the CAT24C44 regard- 
less of the “write enable latch” status. 


} ini 
4 NUAUAALUALUAALUNN 
DO HIGH-Z Cee Dn HIGH-Z 


Figure 4. Write Cycle Timing 
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RCL/RECALL 


Data is transferred from the E7PROM data memory to 
RAM by either sending the RCL instruction or by pulling 
the RECALL input pin low. A recall operation must be 
performed before the E2PROM store, or RAM write 
operations can be executed. Either a hardware or soft- 
ware recall operation will set the “previous recall” latch 
internal to the CAT24C44. 


POWER-ON RECALL 





The CAT24C44 has a power-on recall function that 
transfers the E7PROM data to the RAM. After Power-up, 
all functions are inhibited for at least 200ns (Tpur) from 
stable Vec. 


STO/STORE 


Data in the RAM memory area is stored in the E7PROM 
memory either by sending the STO instruction or by 
pulling the STORE input pin low. As security against any 





Figure 5. Recall Cycle Timing 


RECALL 


DO 


Figure 6. Hardware Store Cycle Timing 


STORE 
tSTZ 


DO 


tRCP 


6-17 


CAT24C44 


inadvertent store operations, the following conditions 
must each be met before data can be transferred into 
nonvolatile storage: 


The “previous recall” latch must be set (either a 
software or hardware recall operation). 


The “write enable” latch must be set (WREN 
instruction issued). 


STO instruction issued or STORE input low. 


During the store operation, all other CAT24C44 func- 
tions are inhibited. Upon completion of the store opera- 
tion, the “write enable” latch is reset. The device also 
provides false store protection whenever Vcc falls below 
a 3.5V level. If Vcc falls below this level, the store 
operation is disabled and the “write enable” latch is 
reset. 


a aa 


taRC 


ze VALID DATA 





‘toRC <— “UNDEFINED DATA 
5157 FHD F006. 
ST 
tSTP 
MILLLLL LL LL. 
HIGH-Z 
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CAT24C44 


Figure 7. Non-Data Operations 


om XAT XXXXKXXKXX KX HK KX KK) 


OP-CODE 
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Start Bit Timing . | ! 
The CAT24C44 features an alternate start bit timing high transition of CE (see Figure 8). Once this start bit is 


where the device will accept a start bit that is generated generated all subsequent data is clocked into the device 
when both SK and DI are high with respect to a low to on the positive clock edge of SK. 


Figure 8. Alternate Start Bit Timing Example: Read Instruction 


6 - # STARTBITGENERATED : 
i | oy . 
CE hj . \ 
I 
I 
I 
] 
j 
I 
TN AXAKAXAY 1 1 VY XA | 7 
: —-—_— 
HIGH-Z 
DO, {ob X_D2_X } P14 X O15 X Po} 
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ORDERING INFORMATION 


| Prefix | Device # | Suffix | | 
CAT 24044 S ' TE7 









Temperature Range 
Blank = Commercial (0°C to +70°C) 
| = Industrial (-40°C to +85°C) 


Tape & Reel 
TE7: 500/Reel! 
TE13: 2000/Reel 


Product 
Number 


Package 
P: PDIP 
S: SOIC (JEDEC) 





24C44 F114 
Notes: 


(1) The device used in the above example is a 24C44SI-TE7 (SOIC, Industrial Temperature, Tape & Reel) 
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SEMICONODUCTAR 


Product Information 

I?C Bus Serial E7PROMs 
Microwire Bus Serial E7PROMs 
SPI Bus Serial E7PROMs 
Secure Access Serial E7PROMs 
NVRAMs 

Flash Memories 

Parallel E7PROMs 

Mixed Signal Products 
Application Notes 

Quality and Reliability 

Die Products 


General Information 
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SEMI CONDUCTAR 


Contents 


Section 7 Flash Memories 


CATOBF5 12 chested eset denidcvecstephciest: 512K-Bit 8-Bit Data BUS .......c.scsccesssssssecssesesessecssessseestesessstesteseeeeees 7-1 
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CAT28F512 


512K-Bit CMOS Flash Memory 


FEATURES 


m Fast Read Access Time: 90/120/150 ns 


m Low Power CMOS Dissipation: 
~Active: 30 mA max (CMOS/TTL levels) 
—Standby: 1 mA max (TTL !evels) 
—Standby: 100 UA max (CMOS levels) 


High Speed Programming: 

—10 Us per byte 

~1 Sec Typ Chip Program 

m@ 12.0V + 5% Programming and Erase Voltage 


= Commercial and Industrial Temperature Ranges 


DESCRIPTION 


The CAT28F512 is a high speed 64K x 8-bit electrically 
erasable and reprogrammable Flash memory ideally 
suited for applications requiring in-system or after-sale 
code updates. Electrical erasure of the full memory 
contents is achieved typically within 0.5 second. 


It is pin and Read timing compatible with standard 
EPROM and E?PROM devices. Programming and 
Erase are performed through an operation and verify 
algorithm. The instructions are input via the I/O bus, 


BLOCK DIAGRAM 









CATALYST 


SEMI CONODUCTAR 


Mill 


m Stop Timer for Program/Erase 
m@ On-Chip Address and Data Latches 


mg JEDEC Standard Pinouts: 

—32-pin DIP 

-—32-pin PLCC 

-—32-pin TSOP (8 x 14; 8 x 20) 
m 100,000 Program/Erase Cycles 
m@ 10 Year Data Retention 


m Electronic Signature 


using a two write cycle scheme. Address and Data are 
latched to free the I/O bus and address bus during the 
write operation. 





The CAT28F512 is manufactured using Catalyst’s ad- 
vanced CMOS floating gate technology. It is designed 
to endure 100,000 program/erase cycles and has a data 
retention of 10 years. The device is available in JEDEC 
approved 32-pin plastic DIP, 32-pin PLCC or 32-pin 
TSOP packages. 











VOp-V/O7 
VO BUFFERS 
ERASE VOLTAGE ee Pas eo 
SWITCH Es 
WE COMMAND PROGRAM VOLTAGE | | c= GE Loaic |! | PATA, | | SENSE 
Tien REGISTER SWITCH LATCH AMP 
CE 
OE 
3 Y-GATING 
& | Y-DECODER 
dl 
Ag-Ai5 D 524,288 BIT 
iva MEMORY 
GQ | X-DECODER Pewes a eyet oe Ne ARRAY 
x 





VOLTAGE VERIFY 
SWITCH 


© 1996 by Catalyst Semiconductor, Inc. 





5108 FHD F02 


Characteristics subject to change without notice 


7-1 


CAT28F512 | | Preliminary 


PIN CONFIGURATION OO PIN FUNCTIONS 


Address Inputs for 


7 memory addressin 
DIP Package (P) PLCC Package (N) ts : 





5108 FHD F041 


TSOP Package (Standard Pinout 8mm x 20mm) (T) 
TSOP Package (Standard Pinout 8mm x 14mm) (T14) 





TSOP Package (Reverse Pinout) (TR) 
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ABSOLUTE MAXIMUM RATINGS* 


Temperature Under Bias.................... —55°C to +95°C 
Storage Temperature .......ccceeeeees ~65°C to +150°C 
Voltage on Any Pin with 

Respect to Ground") 0.0.0.0... —2.0V to +Vcc + 2.0V 
Voltage on Pin Ag with 

Respect to Ground™ ooo —2.0V to +13.5V 
Vpp with Respect. to Ground 

during Program/Erase") .............. —2.0V to +14.0V 
Vcc with Respect to Ground”) ............ —2.0V to +7.0V 
Package Power Dissipation 

Capability (Ta = 25°C) .........cceeeccecessssereeeeeees 1.0 W 
Lead Soldering Temperature (10 secs) ............ 300°C 
Output Short Circuit Current) 0.0... eee 100 mA 


RELIABILITY CHARACTERISTICS 


[symbot | Parameter |Win. 








ESD Susceptibility | 2000 
Ltr (S)(4) Latch-Up 


Symbol 


Input Pin Capacitance 
| Output Pin Capacitance 








a 

[Ton | Oataeterion | 10 | | Years | MILSTD-99, Tet Method 1008 
a 
— 


CAT28F512 


*COMMENT 


Stresses above those listed under “Absolute Maximum 
Ratings” may cause permanent damage to the device. 
These are stress ratings only, and functional operation of 
the device at these or any other conditions outside of those 
listed in the operational sections of this specification is not 
implied. Exposure to any absolute maximum rating for 
extended periods may affect device performance and 
reliability. 


| Units Test Method 
Cycles/Byte | MIL-STD-883, Test Method 1033 


MIL-STD-883, Test Method 3015 
JEDEC Standard 17 








Vpp Supply Capacitance 


Note: 


(1) The minimum DC input voltage is -0.5V. During transitions, inputs may undershoot to —2.0V for periods of less than 20 ns. Maximum DC 
voltage on output pins is Veco +0.5V, which may overshoot to Vcc + 2.0V for periods of less than 20ns. 

(2) Output shorted for no more than one second. No more than one output shorted at a time. 

(3) This parameter is tested initially and after a design or process change that affects the parameter. 

(4) Latch-up protection is provided for stresses up to 100 mA on address and data pins from —1V to Vcc +1V. 
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D.C. OPERATING CHARACTERISTICS 
Voc = +5V £10%, unless otherwise specified. 


.Symbol Parameter | Min. | Max. | Unit | Test Conditions 
lu Input Leakage Current +1 | pA Vin = Voc or Vss 
. Voc = 5.5V, OE = Vin © 
| ILo © Output Leakage Current +1 LA Vout = Vcc or Vss, 
| Vec = 5.5V, OE = Vin 
Isp Vcc Standby Current CMOS 100 UA CE = Voc +0.5V, | 
. | Vcc = 5.5V 


[ese | Vee Standby CorentTm |_| 1 | mA | CE-Vn.Voo=s5v 


Vcc Active Read Current 30 mA Vcc = 5.5V, CE = Vit, 
lout = OMA, f = 6 MHz 
Icc2l”) 15 mA Voc = 5.5V, 
| Programming in Progress 
Icca) | Voc Erase Current 15 mA Vcc = 5.5V, 
| Erasure in Progress 
Vcc Prog./Erase Verify Current . 15 
7 


| pps | Vpp Standby Current 
IPP1 Vpp Read Current | 


Ippo) | Vpp Programming Current 















Vcc Programming Current 


> 


Vcc = 5.5V, Program or 
Erase Verify in Progress 


+10 





LA Vepp = VPPL 
Vpp = VPPH 


Vpp = Vppu, | 
Programming in Progress 


Vpp = VpPH, 


lpp3) | Vpp Erase Current 
; Erasure in Progress 


Ipp4) | Vpp Prog./Erase Verify Current 


200 

30 

30 
lio) 


Note: 
-(1) This parameter is tested initially and after a design or process change that affects the parameter. 


Vpp = Vppu, Program or 
Erase Verify in Progress 


< 


A 
mA 
mA 
mA 
lo. = 5.8MA, Vcc = 4.5V 


loH = —2.5mA, Voc = 4.5V 
lon = —400uA, Voc = 4.5V 
Ag = Vip 
Ag = Vip 


ie b 
> on 


13 
00 
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SUPPLY CHARACTERISTICS 


Limits 
Symbol Parameter 


1.4 











Vpp During Read Operations : 


A.C. CHARACTERISTICS, Read Operation 
Vcc = +5V +10%, unless otherwise specified. 


JEDEC (Standard 28F512-90 
rine [Reed Oye Time CC 

tov [toe [CE Accessing | 
vow | tase [Address Access Time 
[ioe _[OFAccessTime dC 
row [Output Hot om Adsross OB/GE Change | 0 
Los 

OF 

—_ 

a 

5 | 












Figure 1. A.C. Testing Input/Output Waveform(3)(4)(5) 


— 
G) 
fF 
O 
< 


Max. 
Ll 
| 90 
90 
a 
_ 
_ 
= 





2.4V 
2.0V 


INPUT PULSE LEVELS REFERENCE POINTS 


0.45 V ssid 
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Figure 2. A.C. Testing Load Circuit (example) 1.3V 





1N914 


3.3K 


DEVICE 
UNDER 
TEST 






CL = 100 pF 

t C, INCLUDES JIG CAPACITANCE Bi anes sag 
Note: 

(1) This parameter is tested initially and after a design or process change that affects the parameter. 

(2) Output floating (High-Z) is defined as the state where the external data line is no longer driven by the output buffer. 

(3) Input Rise and Fall Times (10% to 90%) < 10 ns. 

(4) Input Pulse Levels = 0.45V and 2.4V. 

(5) Input and Output Timing Reference = 0.8V and 2.0V. 

(6) Low-Z is defined as the state where the external data may be driven by the output buffer but may not be valid. 
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A.C. CHARACTERISTICS, Program/Erase Operation 
Voc = +5V +10%, unless otherwise specified. 


Symbol | Symbol Parameter 
We [ns 
: 


t 
ta 

tay | Address Hold Time 
t 
tc 









N 
oo 
mI 
vi 
Smad 
! 
© 
3 






ND 

oe F 
Oo 
=) 


Data Setup Time | 
DH Data Hold Time : 
S CE Setup Time 


Vpp Setup Time to CE 










a; 5); 5B 
| O;|oO;o 





3=|/rpoj]a =a=/A] AD 
Oo}10/o0 olo/]/o 


co 
O1 


© 
© 


So OoO;—ainrn|] aA =| [ DR ae 
S wn} o|olo oO};10!1o0 








ERASE AND PROGRAMMING PERFORMANCE() 


| 28F512-90 | 28F512-12 
Parameter 


| Min. | Typ. | Max. | 
[chip Erase Tine | 





2 
< 
x?) 


| Min Min. | 
ee 
Note: 


(1) Please refer to Supply characteristics for the value of Vppy and Vpp,_. The Vpp supply can be either hardwired or switched. If Vpp is switched, 
Vpp. Can be ground, less than Vcc + 2.0V or a no connect with a resistor tied to ground. 

(2) ‘Program and Erase operations are controlled by internal stop timers. 

(3) ‘Typicals’ are not guaranteed, but based on characterization data. Data taken at 25°C, 12.0V Vpp. | | 

(4) Minimum byte programming time (excluding system overhead) is 16 us (10 us program + 6 us write recovery), while maximum is 400 ps/ 
byte (16 ps x 25 loops). Max chip programming time is specified lower than the worst case allowed by the programming algorithm since 
most bytes program significantly faster than the worst case byte. 

(5) Excludes 00H Programming prior to Erasure. 
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FUNCTION TABLE() 













Signature (Device) ViL ViH B8H Ao = Vin, Ag = 12V 
Program/Erase VIH ViL | VppH | DIN See Command Table 


WRITE COMMAND TABLE 
Commands are written into the command register in one or two write cycles. The command register can be altered 








only when Vpp is high and the instruction byte is latched on the rising edge of WE. Write cycles also internally latch 
addresses and data required for programming and erase operations. 















Operation | Address | Dw | Operation | Address | Dw 
reraseveriy | Wite | Aw | AW] eee [x | 
Presa | wite | x | «on | wate | Aw | Ow | 
TProgramveny [wie | x | cow | fees | x | 


Note: 
(1) Logic Levels: X = Logic ‘Do not care’ (Vin, Vit, VppL, VppH) 


CAT28F512 


READ OPERATIONS 


Read Mode 


A Read operation is performed with both CE and OE low 
and with WE high. Vpp can be either high or low, 
however, if Vpp is high, the Set READ command has to 
be sent before reading data (see Write Operations). The 
data retrieved from the I/O pins reflects the contents of 
the memory location corresponding to the state of the 16 
address pins. The respective timing waveforms for the 
read operation are shown in Figure 3. Refer to the AC 
Read characteristics for specific timing parameters. 


Signature Mode 


The signature mode allows the user to identify the IC 
manufacturer and the type of device while the device 
resides in the target system. This mode can be activated 
in either of two ways; through the conventional method 
of applying a high voltage (12V) to address pin Ag or by 
sending an instruction to the command register (see 
Write Operations). 


Figure 3. A.C. Timing for Read Operation 










Preliminary 


The conventional mode is entered as a regular READ 
mode by driving the CE and OE pins low (with WE high), 
and applying the required high voltage on address pin Ag 
while all other address lines are held at Vi. | 


A Read cycle from address OOOOH retrieves the binary 
code for the IC manufacturer on outputs I/Oo to I/O7: 


CATALYST Code = 00110001 (31H) 


A Read cycle from address 0001H retrieves the binary 
code for the device on outputs |/Op to I/O7. 


28F512 Code = 1011 1000 (B8H) 


Standby Mode 


With CE ata logic-high level, the CAT28F512 is placed 
in a standby mode where most of the device circuitry is 
disabled, thereby substantially reducing power con- 
sumption. The outputs are placed in a high-impedance 
state. 


POWER UP STANDBY DEVICE AND | OUPUTS DATAVALID STANDBY POWER DOWN 
ADDRESS SELECTION ENABLED | 
/ 
appresses XXXXKAMXA ADDRESS STABLE OOO XXX 
tavav (tro) 
CE (E) | 
. teHaz (pF 
OE (G) a 
WE (W) —- 'etav Moe) | 
eaeeaerewed teLav (ce) taxax (ton) 
DATA (VO) = K(({K(({_” ouput vaio _}Y))))»y\} bee 


tavav (tacc) 


28F512 FO6 
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WRITE OPERATIONS 


The following operations are initiated by observing the 
sequence specified in the Write Command Table. 


Read Mode | 
The device can be put into a standard READ mode by 
initiating a write cycle with OOH on the data bus. The 


subsequent read cycles will be performed similar to a 
standard EPROM or E2PROM Read. 


Signature Mode 


An alternative method for reading device signature (see 
Read Operations Signature Mode), is initiated by writing 
the code 90H into the command register while keeping 
Vpp high. A read cycle from address O000H with CE and 
OE low (and WE high) will output the device signature. 


CATALYST Code = 00110001 (31H) 


A Read cycle from address 0001H retrieves the binary 
code for the device on outputs I/Opo to |/O7. 


28F512 Code = 1011 1000 (B8H) 


Figure 4. A.C. Timing for Erase Operation 


SETUP ERASE ERASE 


Voc POWER-UP 
COMMAND COMMAND 


& STANDBY 


ADDRESSES XX XX 


two WC 


HIGH-Z 


i 
= 20H 


tVPEL — 


DATA (I/O) 


5.0V 
Vcc 


OV 
Gaspesl 

Vpp *PPH 

VPPL 


ERASING 


XXX) TVA TKR KY 
WY) }__ JR 


OXON 
t 


Erase Mode 


During the first Write cycle, the command 20H is written 
into the command register. In order to commence the 
erase operation, the identicalcommand of 20H has to be 
written again into the register. This two-step process 
ensures against accidental erasure of the memory con- 
tents. The final erase cycle will be stopped at the rising 
edge of WE, at which time the Erase Verify command 
(AOH) is sent to the command register. During this cycle, 
the address to be verified is sent to the address bus and 
latched when WE goes low. An integrated stop timer 
allows for automatic timing control over this operation, 
eliminating the need for a maximum erase timing speci- 
fication. Refer to AC Characteristics (Program/Erase) 
for specific timing parameters. 


ERASE V, 
VERIFICATION 


WY 


POWER-DOWN/ 
STANDBY 


ERASE VERIFY 
COMMAND 





+ 
















tas 
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Figure 5. Chip Erase Algorithm(’) 


START ERASURE BUS 
[ START ERASURE:| \oPERATION| COMMAND COMMENTS 
APPLY Vppy | Vpp RAMPS TO Vppy 
(OR Vpp HARDWIRED) 









| ALL BYTES SHALL BE. 
PROGRAM ALL aRipRy PROGRAMMED TO 00 
BYTES TO 00H BEFORE AN ERASE 
OPERATION 
INITIALIZE 
ADDRESS . INITIALIZE ADDRESS 
INITIALIZE | | 
PLSCNT =0 : PLSCNT = PULSE COUNT 
WRITE ERASE os | 
Ser DP COUINAAD WRITE ERASE DATA = 20H 
WRITE ERASE 7 
CONMAND WRITE ERASE DATA = 20H 
TIME OUT 10ms WAIT 
















ae Ecce ERASE |ADDRESS = BYTE TO VERIFY 
VERIFY COMMAND WRITE | VERIFY DATA= AOH 
STOPS ERASE OPERATION 
INCREMENT 
ADDRESS 
READ DATA 
READ _ READ BYTE TO 
FROM DEVICE VERIFY ERASURE 
STANDBY COMPARE OUTPUT TO FF 
INCREMENT PULSE COUNT 
YES 
LAST 
ADDRESS? 
YES 
| DATA = 00H 
eats | WRITE READ RESETS THE REGISTER 
7 FOR READ OPERATION 


Vpp RAMPS TO Vppy 

APPLY Vpp,_ APPLY Vpp, STANDBY (OR Vpp HARDWIRED) 
ERASURE ERASE 
COMPLETED ERROR 


Note: | 5108 FHD F10 
(1) The algorithm MUST BE FOLLOWED to ensure proper and reliable operation of the device. 
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Erase-Verify Mode 


The Erase-verify operation is performed on every byte 
after each erase pulse to verify that the bits have been 
erased. 


Programming Mode 


The programming operation is initiated using the pro- 
gramming algorithm of Figure 7. During the first write 
cycle, the command 40H is written into the command 
register. During the second write cycle, the address of 
the memory location to be programmed is latched on the 
falling edge of WE, while the data is latched on the rising © 
edge of WE. The program operation terminates with the 
_next rising edge of WE. An integrated stop timer allows 
for automatic timing control over this operation, eliminat- 
ing the need for a maximum program timing specifica- 
tion. Refer to AC Characteristics (Program/Erase) for 
specific timing parameters. 


Figure 6. A.C. Timing for Programming Operation 


Vac POWER-UP SETUP PROGRAM LATCH ADDRESS 


PROGRAMMING COMMAND 


& STANDBY COMMAND & DATA 
ADDRESSES KXXMMXXXXAKA DRIES 
two 
tas taH 
CE (E) i 


toH 


sa 
eli 
HIGH-Z 

DATA (W/O) Boi DATA — 

Voc 8:0V 
ey 'VPEL 

Vpp “PPH 
VPPL 
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| aa! 
tWHWH1 
EHS 
WE (W) 
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Program-Verify Mode 


A Program-verify cycle is performed to ensure that all 
bits have been correctly programmed following each 
byte programming operation. The specific address is 
already latched from the write cycle just completed, and 
stays latched until the verify is completed. The Program- 
verify operation is initiated by writing COH into the 
command register. An internal reference generates the 
necessary high voltages so that the user does not need 
to modify Vcc. Refer to AC Characteristics (Program/ 
Erase) for specific timing parameters. 


PROGRAM V 
VERIFICATION 


POWER-DOWN/ 
STANDBY 


PROGRAM 
VERIFY 


DOO RRR OXY) 


two tro 


ICH ie tEHOZ 
ielece mi 
IbH OH 
tps toLz 





F i 
I 


{ DATAIN ¥ | 
= COH La 
VALID 

DATA OUT 


Lz 
cE 
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Figure 7. Programming Algorithm) 


START | | BUS 
| PROGRAMMING OPERATION | COMMAND COMMENTS 
APPLY Vppy STANDBY Vpp RAMPS TO VppH 
| | (OR Vpp HARDWIRED) 
ABDRESS ; "INITIALIZE ADDRESS 
PLSCNT = 0 


WRITE SETUP 
PROG. COMMAND 


INITIALIZE PULSE COUNT 
PLSCNT = PULSE COUNT 















1ST WRITE 
CYCLE 


WRITE PROG. CMD 2ND WRITE 
NODE nC GiGk CYCLE | PROGRAM | VALID ADDRESS AND DATA 
| TIME OUT 10us 
WRITE PROGRAM 1ST WRITE | PROGRAM re 
VERIFY COMMAND | CYCLE VERIFY . 
TIME OUT 6ys 
READ DATA | READ BYTE TO VERIFY 
FROM DEVICE PROGRAMMING 


—— > | stanoey coerce 
YES | YES 7 | | 
<< 
ADDRESS? | 
YES | 


: | DATA=00H 

ARS ae ading | ie SETS THE REGISTER FOR 
-2 COMMEND , CYCLE READ OPERATION 

APPLY Vpp_ APPLY Vppy STANDBY Vpp RAMPS TO Vpp_ 

22 | (OR Vpp HARDWIRED) 

PROGRAMMING PROGRAM 

COMPLETED ERROR 

Note: . 


(1) The algorithm MUST BE FOLLOWED to ensure proper and reliable operation of the device. 


DATA = 40H 





INCREMENT |. 
ADDRESS 
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Abort/Reset 


An Abort/Reset command is available to allow the user 
to safely abort an erase or program sequence. Two 
consecutive program cycles with FFH on the data bus 
will abort an erase or a program operation. The abort/ 
reset operation can interrupt at any time in a program or 
erase operation and the device is reset to the Read 
Mode. 


POWER SUPPLY DECOUPLING 


To reduce the effect of transient power supply voltage 
spikes, it is good practice to use a 0.1uF ceramic 
capacitor between Vcc and Vss and Vpp and Vss. These 
high-frequency capacitors should be placed as close as 
possible to the device for optimum decoupling. 


Figure 8. Alternate A.C. Timing for Program Operation 


Voc POWER-UP SETUP PROGRAM LATCH ADDRESS 
& STANDBY COMMAND & DATA 


CAT28F512 


POWER UP/DOWN PROTECTION 


The CAT28F512 offers protection against inadvertent 
programming during Vee and Vcc power transitions. 
When powering up the device there is no power-on 
sequencing necessary. In other words, Vpp and Vcc 
may power up in any order. Additionally Vpp may be 
hardwired to VppH independent of the state of Vcc and 
any power up/down cycling. The internal command 
register of the CAT28F512 is reset to the Read Mode on 
power up. 


PROGRAM 
VERIFY 


PROGRAM V 
VERIFICATION 


POWER-DOWN/ 
STANDBY 


PROGRAMMING COMMAND 


nnonesses TXXKXKRKRK LORD 


DOOD ORR ROO XX) 
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| ALTERNATE CE-CONTROLLED WRITES 


Standard | 28F512-90 | 28F512-12 | 28F512-15| 
— Parameter ee ee cere 


ve [ss [adem ins Pe Pe [Po 

esx | we | AdsressHow tine —_——~+p | [| || | ve 
Covet [ee | bata Sup Tine [0 
cox | ton | Oataoatime | ww] | 0[ | m= 
ie | - | WeteRecoven TimesetoreRecd | 6 | [6 | | 6| | u_ 
tous | = | Read RecoveryTime Betorewete | 0 | [0 | | 0| | ue 
[ima [we | wessuormnesemece fe [re [fe | 
rao [ne 

rao [ne 

roof [ne 


















| tewwH | = | WE Hold Time After CE oo; jo. 

issn | tor | WitePucewian S| | | wo | 
tener [torn | Wite Puce wietnHign «| 20 | (| a0 |_| a 
P= [Ver Setup TimeioGEtow | t00| | 100 |_| 100 





ORDERING INFORMATION 





Prefix Device # Suffix 
CAT 28F512 N | -90 TE7 
Product Temperature Range Tape & Reel 
Number Blank = Commercial (0°C to +70°C) TE7: 500/Reel 
| = Industrial (-40°C to +85°C) TE13: 2000/Reel 


Package Speed 
N: PLCC 90: 90ns 


Optional 
Company ID 





P: PDIP 12: 120 ns 
T: TSOP (8mmx20mm) | 15: 150 ns 
TR: TSOP (Reverse: Pinout) 

T14: TSOP (8mm x 14mm) 





28F512 Fi2 


Notes: 
(1) The device used in the above example is a CAT28F512NI-90TE7 (PLCC, Industrial Temperature, 9Ons Access Time, Tape & Reel) 
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CAT28F010 


1 Megabit CMOS Flash Memory 


FEATURES 


m Fast Read Access Time: 90/120/150 ns 


m Low Power CMOS Dissipation: 
—Active: 30 mA max (CMOS/TTL levels) 
~Standby: 1 mA max (TTL levels) 
~Standby: 100 L.A max (CMOS levels) 


m@ High Speed Programming: 
—10 Lis per byte 
—2 Sec Typ Chip Program 
m 0.5 Seconds Typical Chip-Erase 


m 12.0V + 5% Programming and Erase Voltage 


DESCRIPTION 


The CAT28F010is a high speed 128K x 8-bit electrically 
erasable and reprogrammable Flash memory ideally 
suited for applications requiring in-system or after-sale 
code updates. Electrical erasure of the full memory 
contents is achieved typically within 0.5 second. 


It is pin and Read timing compatible with standard 
EPROM and E?PROM devices. Programming and 
Erase are performed through an operation and verify 
algorithm. The instructions are input via the I/O bus, 


BLOCK DIAGRAM 








WE COMMAND 
iz REGISTER 







ADDRESS LATCH 


VOLTAGE VERIFY 
SWITCH 
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ERASE VOLTAGE | 
SWITCH 


PROGRAM VOLTAGE 
SWITCH 
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I] CATALYST 


SEMI CON OUCTOUOR 


m= Commercial and Industrial Temperature Ranges 
m Stop Timer for Program/Erase 
m On-Chip Address and Data Latches 


m JEDEC Standard Pinouts: 
—32-pin DIP 
—32-pin PLCC 
-32-pin TSOP (8 x 14; 8 x 20) 


m 100,000 Program/Erase Cycles 
m 10 Year Data Retention 
m Electronic Signature 


using a two write cycle scheme. Address and Data are 
latched to free the I/O bus and address bus during the 
write operation. 


The CAT28F010 is manufactured using Catalyst’s ad- 
vanced CMOS floating gate technology. It is designed 
to endure 100,000 program/erase cycles and has a data 
retention of 10 years. The device is available in JEDEC 
approved 32-pin plastic DIP, 32-pin PLCC or 32-pin 
TSOP packages. 


VOo-VO7 


es 
AMP 


DATA 
LATCH 


Y-GATING 













SENSE 


CE, OE LOGIC 


i 


- 1,048,576 BIT 
MEMORY 
ARRAY 
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TD 5108 


Characteristics subject to change without notice 


-CAT28F010 


PIN CONFIGURATION | a PIN FUNCTIONS 








e Me Ao—Ai6 Input Address Inputs for 
Nic PLCC Package (N) memory addressing 
‘ 
Ag Ai4 l 
‘ MS OE not 
OE = 
ne : 
CE A 
0g 
1/04 

n 
66 8SO0S8 
= 2 > S55 2 5 
5108 FHD FO1 
TSOP Package (Standard Pinout 8mm x 20mm) (T) 
TSOP Package (Standard Pinout 8mm x 14mm) (T14) 

Ad | 32 HL OE 

[ Ag —3 CE 
Ai4 145 O06 
NC O05 
WE VO4 
\ Vcc 03 
Vpp Vss 
Aig 1 10 VOo 

A15 04 
Ayo (1412 /Oo 

A7 (14 13 Ao 

Ag (4 14 AY 

A5 A2 

Ag 16 A3 


TSOP Package (Reverse Pinout) (TR) 





5108 FHD F14 
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ABSOLUTE MAXIMUM RATINGS* *COMMENT 
Temperature Under Bias................... —55°C to +95°C Stresses above those listed under “Absolute Maximum 
Storage Temperature ...........:ccccceeees —65°C to +150°C Ratings" may eons permanent Gamage oe souls 
oe These are stress ratings only, and functional operation of 
Voltage on Any Pin with the device at these or any other conditions outside of those 
Respect to Ground” ........... —2.0V to +Vcc + 2.0V listed in the operational sections of this specification is not 
Voltage on Pin Ag with implied. Exposure to any absolute maximum rating for 
Respect to Ground”) ooo. —2.0V to +13.5V extended periods may affect device performance and 
liability. 
Vpp with Respect to Ground enone 
during Program/Erase") .............. —2.0V to +14.0V 
Vcc with Respect to Ground™ oo... —2.0V to +7.0V 
Package Power Dissipation 
Capability (Ta = 25°C) .....cccccccccccccscsseeeeeeeees 1.0 W 
Lead Soldering Temperature (10 secs) ............ 300°C 
Output Short Circuit Current® ooo. 100 mA 


RELIABILITY CHARACTERISTICS 


Data Retention | 40 | | Years MIL-STD-883, Test Method 1008 












ESD Susceptibility | 2000 Volts MIL-STD-883, Test Method 3015 
TH) =| Latch-Up JEDEC Standard 17 


CAPACITANCE Ta = 25°C, f = 1.0 MHz 


Symbol 


| Min | Max. | 
Input Pin Capacitance _ LI el 
Output Pin Capacitance | mr he ae 
Note: - | 


(1) The minimum DC input voltage is -0.5V. During transitions, inputs may undershoot to —2.0V for periods of less than 20 ns. Maximum DC 
~ voltage on output pins is Voc +0.5V, which may overshoot to Vcc + 2.0V for periods of less than 20ns. 

(2) Output shorted for no more than one second. No more than one output shorted at a time. 

(3) This parameter is tested initially and after a design or process change that affects the parameter. 

(4) Latch-up protection is provided for stresses up to 100 mA on address and data pins from —1V to Vcc +1V. 
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CAT28F010 | 


D.C. OPERATING CHARACTERISTICS. 
Voc = +5V +10%, unless otherwise specified. 


Limits 


Symbol | | Parameter | Test Conditions 


lu — Input Leakage Current . am 
ILo Output Leakage Current — | Tn 
— 100— 
1 
30 
15 
15 
15. 
+10 
200 
30 
30 
5 
13 


Vin = Vcc or Vss 
Voc = 5.5V, OE = Vin 


Vout = Vcc or Vss, 
Voc = 5.5V, OE = Vin 


CE = Vcc +0.5V, 
Vcc = 5.5V | 


CE = Vin, Voc = 5.5V 


Voc = 5.5V, CE = Vit, 
lout = OmA, f = 6 MHz 


Vcc = 5.5V, 
Programming in Progress 


Voc = 5.5V, 
Erasure in Progress 


IsBt Vcc Standby Current CMOS a 


Voc Standby Current TTL a 


Icc1 Voc Active Read Current’ | Pt | 
Ioc2) | Voc Programming Current | 4 






loc3() | Vec Erase Current 


Vec = 5.5V, Program or 
Erase Verify in Progress 


local!) | Voc Prog./Erase Verify Current _ 


Vpp Standby Current 





Vee = VppL 
Vpp = VpPH 
Vpp = VPPH, 
Programming in Progress 


m Vpp = VpPH, 


Erasure in Progress 


Ipp4 Vpp Read Current Ld 


| 0 
| 200 
Ipp2(!) | Vpp Programming Current | ok 
08 
08 


Vpp = VppH, Program or 
Erase Verify in Progress 


Ipp4(?) 


V Input Low Level TTL 


L 


Ipp31) | Vpp Erase Current 
Vpp Prog./Erase Verify Current ma 


| 
2) 
OT 


ViLc 


Output Low Level lo. = 5.8mA, Vcc = 4.5V 


< 


0.45 


OL 


Input Low Level CMOS 0.5 | 
ae 


Vid 


—0.5 


2 
VoH2 | Output High Level CMOS 
1 


LA 
LA 
LA 
mA 
mA 
mA 
mA 
mA 
LA 
LA 
mA 

A 
mA 
LA 

V 


Vinc Input High Level CMOS Vec+0.5 
Vox1 | Output High Level TTL Lae lon = -2.5mA, Voc = 4.5V 


Note: | 
(1) This parameter is tested initially and after a design or process change that affects the parameter. 
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SUPPLY CHARACTERISTICS 


Parameter 


Vcc Supply Voltage 


Vpp During Read Operations 
Vpp During Read/Erase/Program 


A.C. CHARACTERISTICS, Read Operation 
Vcc = +5V +10%, unless otherwise specified. 









Symbol | Symbol Parameter Min. | 
ric [ReadOycleTine —SSSS=*dtC 

Fiiov | tes [CEAccess Tine | 
river | oc [Address Access Tine 
fiewey | tos [OE AccessTime iY 
[ton | Output Hold from Address OE/CE Change | 0 

in Low Es 

in Low. oT 

gh- = 

gh od 

6 | 







Write Recovery Time Before Read 





Figure 1. A.C. Testing Input/Output Waveform(3)(4)(5) 


2.4V 


2.0V 


INPUT PULSE LEVELS . REFERENCE POINTS 


0.45 V =e 


5108 FHD F03 
Figure 2. A.C. Testing Load Circuit (example) 1.3V 


1N914 


3.3K 


DEVICE 
UNDER o OUT 
“ TEST 


C = 100 pF 





! C, INCLUDES JIG CAPACITANCE een 


Note: 
(1) This parameter is tested initially and after a design or process change that affects the parameter. 
(2) Output floating (High-Z) is defined as the state where the external data line is no longer driven by the output buffer. 
(3) Input Rise and Fall Times (10% to 90%) < 10 ns. | 
) Input Pulse Levels = 0.45V and 2.4V. 
(5) Input and Output Timing Reference = 0.8V and 2.0V. 
) Low-Z is defined as the state where the external data may be driven by the output buffer but may not be valid. 
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A.C. CHARACTERISTICS, Program/Erase Operation 
Vcc = +5V +10%, unless otherwise specified. 


JEDEC /|Standard 

Symbol Parameter 

Write Cycle Time 

Address Setup Time | 

Address Hold Time 

Data Setup Time 

Data Hold Time 
tcs 
tCH 


28F010-90 | 28F010-12 | 28F010- 
















oh 
oO 
mh 
Oo 





ok 
N 
O 
mr 
O1 
Oo 


fteam | tes | E Setup. Time 
| ton 


+; 5}; 
OoO;O;] Oo 
+; 5; 5 
oO;O; Oo 


a 


E Hold Time 
E Pulse Width 
E High Pulse Width | 
Program Pulse Width 
Erase Pulse Width 
Write Recovery Time Before Read 


: 
io) 
eo) 


Read Recovery Time Before Write 
Vpp Setup Time to CE 


28F010-90 
Parameter 


|Min. | Typ.|Max.| Min, | Min. |Typ. 
Chip Erase Time()() a 0.5 Fag: | ; 40}. sec 
Tenip Program Times SSS a Pes 2 es] 2 ie 


Note: 

(1) Please refer to Supply characteristics for the value of Vppy and Vpp,. The Vpp supply can be either hardwired or switched. If Vpp is switched, 
Vpp_ Can be ground, less than Vcc + 2.0V or a no connect with a resistor tied to ground. 

(2) Program and Erase operations are controlled by internal stop timers. 

(3) ‘Typicals’ are not guaranteed, but based on characterization data. Data taken at 25°C, 12.0V Vpp. 

(4) Minimum byte programming time (excluding system overhead) is 16 us (10 us program + 6 us write recovery), while maximum is 400 ps/ 
byte (16 us x 25 loops). Max chip programming time is specified lower than the worst case allowed by the programming algorithm since 
most bytes program significantly faster than the worst case byte. 

(5) Excludes 00H Programming prior to Erasure. 


= Ola!nm] sp —/ A] SR 
S m!|o!|oa|o o10|o 


— co —s NO 
— Oi; = | 
2] 2] 2] 










Zz 
3S 
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CAT28F010 


FUNCTION TABLE) 







ree 


WRITE COMMAND TABLE 


Commands are written into the command register in one or two write cycles. The command register can be altered 
only when Vpp is high and the instruction byte is latched on the rising edge of WE. Write cycles also internally latch 
addresses and data required for programming and erase operations. 


First Bus Cycle Second Bus Cycle 
Operation 


A 
X 
xX 










| Din 
ooh 
[eraseveriy | wie | Aw | AH | Read | x 
Pegem | wie |x| «oH | wee | An 

| 


Program Verify 


[Reet =| wite [x rH we 


Note: 
(1) Logic Levels: X = Logic ‘Do not care’ (Vin, Vi_, VppL, VppH) 





X 
X 
X 
X 
IN 
X 


00H 
90H 
90H 
20H 
AOH 
40H 
COH 
FFH 
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CAT28F010 


READ OPERATIONS 


| Read Mode 


A Read operation is performed with both CE and OE low 
and with WE high. Vpp can be either high or low, 
however, if Vpp is high, the Set READ command has to 
be sent before reading data (see Write Operations). The 
data retrieved from the I/O pins reflects the contents of 
the memory location corresponding to the state of the 17 
address pins. The respective timing waveforms for the 
read operation are shown in Figure 3. Refer to the AC 
Read characteristics for specific timing parameters. 


Signature Mode 


The signature mode allows the user to identify the IC 
manufacturer and the type of device while the device 
resides in the target system. This mode can be activated 
in either of two ways; through the conventional method 
of applying a high voltage (12V) to address pin Ag or by 
sending an instruction to the command register (see 
Write Operations). 


Figure 3. A.C. Timing for Read Operation 


The conventional mode is entered as a regular READ | 
mode by driving the CE and OE pins low (with WE high), 
and applying the required high voltage on address pin Ag 
while all other address lines are held at VIL. 


A Read cycle from address OOOOH retrieves the binary 
code for the IC manufacturer on outputs |/Oo to 1/O7: 


CATALYST Code = 00110001 (31H) 


A Read cycle from address 0001H retrieves the binary — 
code for the device on outputs I/Oo to I/O7. 


28F010 Code = 10110100 (B4H) 


Standby Mode 


With CE at a logic-high level, the CAT28F010 is placed 
in a standby mode where most of the device circuitry is 
disabled, thereby substantially reducing power con- 
sumption. The outputs are placed in a high-impedance 
state. : 








POWERUP _—s STANDBY DEVICE AND OUPUTS DATAVALID STANDBY POWER DOWN 
ADDRESS SELECTION ENABLED | | 
poonesses, TXXXKKKKKKKY) ones TXKKKKKKKEK 
tavav (tc) ; 
CE(E) 
7 | | teHozt(pr 
OE (G) 
. 'WHGL tgHaz (tpr) | 
WE (W) Poe | teav (toe) 
pars teiayliee) 
teLax (toLz) 
DATA(v0). ————— CUE oureutvaio _}))))))) yo 


tavav (acc) 


28F010 FO5 
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WRITE OPERATIONS Signature Mode 


An alternative method for reading device signature (see 
Read Operations Signature Mode), is initiated by writing 
the code 90H into the command register while keeping 
Read Mode Vpp high. A read cycle from address 0000H with CE and — 
OE low (and WE high) will output the device signature. 


The following operations are initiated by observing the 
sequence specified in the Write Command Table. 


The device can be put into a standard READ mode by 


initiating a write cycle with OOH on the data bus. The CATALYST Code = 00110001 (31H) 
subsequent read cycles will be performed similar to a 
standard EPROM or E2PROM Reaa. A Read cycle from address 0001H retrieves the binary 


code for the device on outputs 1/Opo to 1/07. 


28F010 Code = 1011 0100 (B4H) 


Figure 4. A.C. Timing for Erase Operation 









Voc POWER-UP SETUP ERASE ERASE ERASING ERASE VERIFY ERASE Voc POWER-DOWN/ 
& STANDBY COMMAND COMMAND COMMAND VERIFICATION STANDBY 
ADDRESSES XMM REED }___ PURE XY 





two two two tRc 







tas 


ee /_Y 
'GHWL a 
tWHWH2 
a aed 
WE (W) 
pare ‘we ‘wp 
'bH 
| ‘DS 
HIGH-Z 
DATA IN DATA IN DATA IN 
DATA (VO) t OATAIN Fe OBTAIN t OKONN 


5.0V, 





(OH 





EAS 


4 a!) 
ie i VALID 
DATA OUT 
CE 


Vcc 
- tVPEL 
Vpp YPPH 


VPPL 
28F010 F11 
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Figure 5. Chip Erase Algorithm(™) — 


START ERASURE | na 


PROGRAM ALL 
BYTES TO 00H 


APPLY Vppy 
INITIALIZE 
ADDRESS 


INITIALIZE 
PLSCNT = 0. 


WRITE ERASE 
SETUP COMMAND 
WRITE ERASE 
COMMAND 


TIME OUT 10ms 


WRITE ERASE 
VERIFY COMMAND 


TIME OUT 6us 












INCREMENT 
ADDRESS 





READ DATA 
FROM DEVICE - 





y 


YES 
LAST 
ADDRESS?. 
YES 
WRITE READ 
COMMAND 
APPLY Vpp,_ APPLY Vpp,_ 
ERASURE ERASE 
COMPLETED ERROR 


Note: 


BUS _ 
OPERATION| COMMAND COMMENTS 


STANDBY 


WRITE 


WRITE 


WRITE 


READ 


STANDBY 


WRITE 


STANDBY 


ERASE 


ERASE 


ERASE 
VERIFY 


READ . 


(1) The algorithm MUST BE FOLLOWED to ensure proper and reliable operation of the device. 


Vpp RAMPS TO Vppy 
(OR Vpp HARDWIRED) 


ALL BYTES SHALL BE 
PROGRAMMED TO 00 
BEFORE AN ERASE 
OPERATION 


INITIALIZE ADDRESS 


PLSCNT = PULSE COUNT 
DATA = 20H 
DATA = 20H 


WAIT 


ADDRESS = BYTE TO VERIFY 
DATA= AOH 
STOPS ERASE OPERATION 


WAIT 


READ BYTE TO 
VERIFY ERASURE 


COMPARE OUTPUT TO FF 
INCREMENT PULSE COUNT 


DATA = 00H 
RESETS THE REGISTER 
FOR READ OPERATION 


Vpp RAMPS TO Vpp,_ 
(OR Vpp HARDWIRED) 


5108 FHD F10 
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Erase Mode 


During the first Write cycle, the command 20H is written 
into the command register. In order to commence the 
erase operation, the identical command of 20H has to be 
written again into the register. This two-step process 
ensures against accidental erasure of the memory con- 
tents. The final erase cycle will be stopped at the rising 
edge of WE, at which time the Erase Verify command 
(AOH) is sent to the command register. During this cycle, 
the address to be verified is sent to the address bus and 
latched when WE goes low. An integrated stop timer 
allows for automatic timing control over this operation, 
eliminating the need for a maximum erase timing speci- 
fication. Refer to AC Characteristics (Program/Erase) 
for specific timing parameters. 


Figure 6. A.C. Timing for Programming Operation 


Voc POWER-UP SETUP PROGRAM LATCH ADDRESS 
& STANDBY COMMAND & DATA 


PROGRAMMING COMMAND 


anonesses YXKOUXLKEXO___ RXR 
a: 


WC 
tas TAH 
CE (E) 


ee / 
'GHWL a 5 
a5 eset 
WE (W) —f 


HIGH-Z 
DATA (I/O) { DATAIN 4 ODATAIN 3 
5.0V 
Vcc 
oa 'VPEL 
| 
Vpp YPPH 
VPPL 
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Erase-Verify Mode 


The Erase-verify operation is performed on every byte 
after each erase pulse to verify that the bits have been 
erased. 


Programming Mode 


The programming operation is initiated using the pro- 
gramming algorithm of Figure 7. During the first write 
cycle, the command 40H is written into the command 
register. During the second write cycle, the address of 
the memory location to be programmed is latched on the 
falling edge of WE, while the data is latched on the rising 
edge of WE. The program operation terminates with the 
next rising edge of WE. An integrated stop timer allows 
for automatic timing control over this operation, eliminat- 
ing the need for a maximum program timing specifica- 
tion. Refer to AC Characteristics (Program/Erase) for 
specific timing parameters. 


PROGRAM 
VERIFY 


PROGRAM V 
VERIFICATION 


POWER-DOWN/ 
STANDBY 


OO ER RR OO 


two tro 





| PA 


28F010 Fos 
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Figure 7. Programming Algorithm(!) 


e 


INCREMENT N 
ADDRESS 


Note: 


START | 
PROGRAMMING 
APPLY Vppy | 


INITIALIZE 
ADDRESS 


PLSCNT = 0 











WRITE SETUP 
PROG. COMMAND 


WRITE PROG. CMD 
ADDR AND DATA 


TIME OUT 10us 
WRITE PROGRAM 
VERIFY COMMAND 


TIME OUT 6us 


- READ DATA 
FROM DEVICE 


VERIFY NO 
™~ DATA ? 


YES 
YES 


NO 


O LAST 
ADDRESS? 
WRITE READ 
COMMAND 
APPLY Vppy_ APPLY Vpp, 
PROGRAMMING PROGRAM 
COMPLETED ERROR 








B +f 
opERarion | COMMAND COMMENTS 


Vpp RAMPS TO Vppy 
(OR Vpp HARDWIRED) 


STANDBY 


INITIALIZE ADDRESS 


INITIALIZE PULSE COUNT 
PLSCNT = PULSE COUNT 


1ST WRITE 


CYCLE DATA = 40H 


2ND WRITE | 
cvere | PROGRAM | VALID ADDRESS AND DATA 


WAIT 
{ST WRITE | PROGRAM 
CYCLE VERIFY DATA = COH 
WAIT 


READ BYTE TO VERIFY 
PROGRAMMING 


COMPARE DATA OUTPUT 
TO DATA EXPECTED 


STANDBY 


DATA = 00H 
1ST WRITE SETS THE REGISTER FOR 
CYCLE READ OPERATION 
Snnaay Vpp RAMPS TO Vppy 
(OR Vpp HARDWIRED) 


(1) The algorithm MUST BE FOLLOWED to ensure proper and reliable operation of the device. 
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Program-Verify Mode 


A Program-verify cycle is performed to ensure that all 
bits have been correctly programmed following each 
byte programming operation. The specific address is 
already latched from the write cycle just completed, and 
stays latched until the verify is completed. The Program- 
verify operation is initiated by writing COH into the 
command register. An internal reference generates the 
necessary high voltages so that the user does not need 
to modify Vcc. Refer to AC Characteristics (Program/ 
Erase) for specific timing parameters. 


Abort/Reset 


An Abort/Reset command is available to allow the user 
to safely abort an erase or program sequence. Two 
consecutive program cycles with FFH on the data bus 
will abort an erase or a program operation. The abort/ 
reset operation can interrupt at any time in a program or 
erase operation and the device is reset to the Read 
Mode. 





Figure 8. Alternate A.C. Timing for Program Operation 


Voc POWER-UP SETUP PROGRAM LATCH ADDRESS 
& STANDBY COMMAND & DATA 


CAT28F010 


POWER UP/DOWN PROTECTION 


The CAT28F010 offers protection against inadvertent 
programming during Vpp and Vcc power transitions. 
When powering up the device there is no power-on 
sequencing necessary. In other words, Vpp and Vcc 
may power up in any order. Additionally Vpp may be 
hardwired to VppH independent of the state of Vcc and 
any power up/down cycling. The internal command 
register of the CAT28F010 is reset to the Read Mode on 
power up. 


POWER SUPPLY DECOUPLING 


To reduce the effect of transient power supply voltage 
spikes, it is good practice to use a 0.1uF ceramic 
capacitor between Vcc and Vss and Vpp and Vss. These 
high-frequency capacitors should be placed as close as 


‘possible to the device for optimum decoupling. 


POWER-DOWN/ 
STANDBY 


PROGRAM V 
VERIFICATION 


PROGRAM 
VERIFY 


PROGRAMMING COMMAND 


appresses XXX MAXX —__ KOXP 


WK XY 


ORE RA AX 
t 





two two RC 
TAVEL tELAX 
WE(W) 
| tei —>| he tEHWH 
tWLEL tEHWH fEHQZ 
tEHWH tWLEL x 
ae a a 
'GHEL ; 'EHEH TEHGL tor 
eis eel ae 
cE | a 
Lag tELEH tELEH are 7 
tEHDX OH 
(DVEH tpVEH 
HIGH-Z . 
DATA (I/O) mp aria K—4 DATAIN |} DATA IN : 
VALID 
NZ DATA OUT 
cE 
OV 
Vcc - 
a 'VPEL 
' | 
Vpp ‘PPH 
VPPL 
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ALTERNATE CE-CONTROLLED WRITES 
JEDEC |Standard | 28F010-90 
Symbol| Symbol Parameter | 


tAVAV t 
ta Address Setup Time 
t 
t 











N 
fos) 
"Ti 
oO 
mart 
oO 
= 
ol 





_ 
NO 
fo) 


tAVEL 


Seu i ro 
ina. |= | Wie Recovery Tie Bore Read | 6 
ine. |= | Reed Recor Tee BtoeWite | O 
tWLEL WE Setup Time Before CE Lao] 
0 


tEHWH - WE Hold Time After CE 


Write Pulse Width 
Write Pulse Width High — 
tVPEL Zoe Vpp Setup Time to CE Low | 






— | fh); A 


” n : 


2 


ns 


MO] 
oO}; Oo 


_ 
© 
© 


wm} +s 
Oo | © 


od, 
=) 
© 





ORDERING INFORMATION 


Prefix Device # Suffix 


CAT — 28F010 N | | -90 TE7 

























Product 
Number 


Tape & Reel 
TE7: 500/Reel 
TE13: 2000/Reel 


Temperature Range 
Blank = Commercial (0°C to +70°C) 
| = Industrial (-40°C to +85°C) 
















Speed 
90: 90ns 
12: 120ns 
15: 150ns 


Optional 
Company ID 


Package 
N: PLCC 
P: PDIP 










T: TSOP (8mmx20mm) 
TR: TSOP (Reverse Pinout) 
714: TSOP (8mm x 14mm) 


Note: | 28F010 F12 
(1) The device used in the above example is a CAT28F010NI-90TE7 (PLCC, Industrial Temperature, 90 ns access time, Tape & Reel). 
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SEMI COQONODODUCTAR 


CAT28F020 


2 Megabit CMOS Flash Memory 


FEATURES 
w Fast Read Access Time: 120/150/200 ns mw Commercial and Industrial Temperature Ranges 
m Low Power CMOS Dissipation: m@ Stop Timer for Program/Erase 
~ aS parades yee : ie m On-Chip Address and Data Latches 
— Standby: 1 mA max evels : . 
— Standby: 100 1A max (CMOS levels) 7 econ mmouts: 
m High Speed Programming: — 32-pin PLCC 
- 10 us per byte — 32-pin TSOP (8 x 20) 


—4 ds Typical Chip P’ 
Seconds Typical Chip Program m 100,000 Program/Erase Cycles 


m@ 10 Year Data Retention 
m Electronic Signature 


m 0.5 Seconds Typical Chip-Erase 
m@ 12.0V + 5% Programming and Erase Voltage 


DESCRIPTION 

The CAT28F020 is ahigh speed 256K x 8-bit electrically using a two write cycle scheme. Address and Data are 
erasable and reprogrammable Flash memory ideally latched to free the I/O bus and address bus during the 
suited for applications requiring in-system or after-sale write operation. 





code updates. Electrical erasure of the full memory 


contents is achieved typically within 0.5 second. The CAT28F020 is manufactured using Catalyst’s ad- 


vanced CMOS floating gate technology. It is designed 
It is pin and Read timing compatible with standard to endure 100,000 program/erase cycles and has a data 
EPROM and E2PROM devices. Programming and retention of 10 years. The device is available in JEDEC 
Erase are performed through an operation and verify approved 32-pin plastic DIP, 32-pin PLCC or 32-pin 
algorithm. The instructions are input via the I/O bus, TSOP packages. 


BLOCK DIAGRAM VOg-VO7 


VO BUFFERS 
ERASE VOLTAGE Fie a: 
SWITCH pel 


WE 
COMMAND PROGRAM VOLTAGE} | —= = 
tn REGISTER SWITCH CE, OE LOGIC’ |LaTcH] | AMP: 


Y-GATING 
Y-DECODER 
2,097,152 BIT 
MEMORY 
X-DECODER [_.——S ARRAY 
VOLTAGE VERIFY 
SWITCH 


© 1996 by Catalyst Semiconductor, Inc. Characteristics subject to change without notice 
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DATA | | SENSE 


i 


ADDRESS LATCH 


BOOT 





5115 FHD Fo2 


CAT28F020 





PINCONFIGURATION —/ =; PIN FUNCTIONS 

















DP Package ruccraciage() [pin Name | Type | Function 
Vpp [Jet Voc Ao-A17 Input Address Inputs for 
Aig LI 2 WE memory addressing 
fs : ay 7 /Oo-l/O7 Data Input/Output | 

14 = — 
Av] 5 his hs Input | Chip Enable 
fi ° Ae = | ) Input — Output Enable | 
| 9 

AgCj 8 Ant Ady | Input — Write Enable 

A3C] 9 OE OE Ld Voltage Supply 
Ao A10 A10 | 

Ao 1/07 13 /O 

VOo VO6 14 15 16 17 18 19 20 m_ aoe | 
er VO5 hues Seite shad 
O92 O04 
Vss 1/03 





5115 FHD F014 


TSOP Package (Standard Pinout) (T) 





TSOP Package (Reverse Pinout) (TR) 





OE Att 
A4 Ag 
CE A8 
1/07 A13 
1/06 Ai4 
O05 A17 
04 WE 
03 Vcc 
Vss Vpp 
/O2 A16 
VOy A415 
1/09 A492 
Ao A7 
AY Ag 
Ao A5 
A3 Ag 


5115 FHD F14 
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ABSOLUTE MAXIMUM RATINGS* 


Temperature Under Bias................ .... ~55°C to +95°C 
Storage Temperature .............:::ccce —65°C to +150°C 
Voltage on Any Pin with 

Respect to Ground) ........... —2.0V to +Vcc + 2.0V 
Voltage on Pin Ag with : 

Respect to Ground”) 0... —2.0V to +13.5V 
Vpp with Respect to Ground 

during Program/Erase™) .............. —2.0V to +14.0V 
Vcc with Respect to Ground") ............ —2.0V to +7.0V 
Package Power Dissipation 

Capability (Ta = 25°C) ........ccsssscssseeeeeeeeeeeeees 1.0W 
Lead Soldering Temperature (10 secs) ............ 300°C © 
Output Short Circuit Current® oo... 100 mA 


RELIABILITY CHARACTERISTICS 


[-symbot [Parameter | in. 







ESD Susceptibility 2000 
ILtH{S)(4) Latch-Up 


Symbol 





Input Pin Capacitance 
Output Pin Capacitance 





_— 

[Ton®) | Data Reonion [10 | | Years | Mi ST0-09, Test Method 1008 
—_ 
anal 


CAT28F020 


“COMMENT 


Stresses above those listed under “Absolute Maximum 
Ratings” may cause permanent damage to the device. 
These are stress ratings only, and functional operation of 
the device at these or any other conditions outside of those 
listed in the operational sections of this specification is not 
implied. Exposure to any absolute maximum rating for 
extended periods may affect device performance and 
reliability. 








Cycles/Byte MIL-STD-883, Test Method 1033 


MIL-STD-883, Test Method 3015 
JEDEC Standard 17 





Cvpp®) Vpp Supply Capacitance 


_ Note: 


© (1) The minimum DC input voltage is —0.5V. During transitions, inputs may undershoot to —2.0V for periods of less than 20 ns. Maximum DC 
voltage on output pins is Voc +0.5V, which may overshoot to Vcc + 2.0V for periods of less than 20ns. 

(2) Output shorted for no more than one second. No more than one output shorted at a time. 

(3) This parameter is tested initially and after a design or process change that affects the parameter. 

(4) Latch-up protection is provided for stresses up to 100 mA on address and data pins from —1V to Voc +1V. 
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Vcc = +5V +10%, unless otherwise specified. 
Limits 


Symbol |. Parameter Test Conditions 


+ 
oom, 


LA Vin = Voc or Vss 
Veco = 5.5V, OE = Vin 


Iu Input Leakage Current 


ILo Output Leakage Current Vout = Vcc or Vss, 


Voc = 5.5V, OE =Vin 


100 uA CE = Vcc +0.5V, _ 
Voc = 5.5V | 


30 mA Vcc = 5.5V, CE = Vi, 
lout = OmA, f = 6 MHz 
Icc2") | Voc Programming Current 15 mA Voc = 5.5V, 
| Programming in Progress 
lees) | Voc Erase Current — 5 mA Voc = 5.5V, 
Erasure in Progress 
mA 


Vcc =5.5V, Programor | 
Erase Verify in Progress 


Ul 


e 
E 


IsB1 Vcc Standby Current CMOS 


Vcc Standby Current TTL 
Vcc Active Read Current 


Isp2 


Ioc1 





— 


loca) | Voc Prog./Erase Verify Current 


IPPs Vpp = VPPL 


Vpp Standby Current 


ae 
Vep Read Current 4 


Mm 
LA Vpp = VPPH 


A Vpp = VpPpH, 
Programming in Progress 


+ 
2 


IPP 


> 





Bet 
a 
Rast 
all 
thus 


Ippo) | Vpp Programming Current 


A Vpp = VpPH, | 


Erasure in Progress 


| Ipp3) | Vpp Erase Current 


Vpp Prog./Erase Verify Current 


3 


A Vpp = Vppu, Program or 
Erase Verify in Progress 


Ipp4() 


1 
15 
10 
00 

30 
30 
5 

0.8 


ViL Input Low Level TTL 


Input Low Level CMOS 


Vic 


Output Low Level __ Ld 0.45 
Input High Level TTL | Voc+0.5 


H 
Vino | Input High Level CMOS Vec+0.5 


VoH1 Output High Level TTL | 


VoH2 Output High Level CMOS Voec-0.4 


Vip Ag Signature Voltage — 


lip Ag Signature Current 


VLo Voc Erase/Prog. Lockout Voltage 


Note: 
(1) This parameter is tested initially and after a design or process change that affects the parameter. 


lo. = 5.8mA, Vcc = 4.5V 


< 


OL 


| 
=) 
ol 


V 


> 


~ lon =—2.5mA, Voc = 4.5V 
lo = -400pA, Voc = 4.5V 
Ag = Vip 
Ag = Vip 


13 
200 


< 
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SUPPLY CHARACTERISTICS 


Symbol Parameter 


A.C. CHARACTERISTICS, Read Operation 
Vcc = +5V +10%, unless otherwise specified. 


JEDEC | Standard | 28F020-12 | 28F020-15 | 28F020-20 
Symbol | Symbol Parameter } Min. | } Min. | 
t 

























Figure 1. A.C. Testing Input/Output Waveform(S)(4)(5) 


2.4V 
2.0 V 


INPUT PULSE LEVELS REFERENCE POINTS 


0.45 V add 


5108 FHD FO3 


Figure 2. A.C. Testing Load Circuit (example) 1.3V 





1N914 
3.3K 
DEVICE 
UNDER 0 OUT 
TEST 
5a C) = 100 pF 
ue C) INCLUDES JIG CAPACITANCE een 


Note: 

(1) This parameter is tested initially and after a design or process change that affects the parameter. 

(2) Output floating (High-Z) is defined as the state where the external data line is no longer driven by the output buffer. 
(3) Input Rise and Fall Times (10% to 90%) < 10 ns. 

(4) Input Pulse Levels = 0.45V and 2.4V. 

(5) Input and Output Timing Reference = 0.8V and 2.0V. 

(6) Low-Z is defined as the state where the external data may be driven by the output buffer but may not be valid. 
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-CAT28F020 


A.C. CHARACTERISTICS, Program/Erase Operation 
Voc = +5V +10%, unless otherwise specified. 


JEDEC 28F020-12 | 28F020-15 | 28F020-20 
Symbol Parameter 


Write Cycle Time 1 






Standard 
Symbol 









NO 
Oo 


AS 








eon | tos | CE Souptine 


tWLWH twp WE Pulse Width | 
tweH | WE High Pulse Width 


Program Pulse Width 


Erase Pulse Width 
Write Recovery Time Before Read 


Address Setup Time | 


Cc 
H 


rors 
oO} © 


tw 
t 
tAH 
tb 
tc 


=) 


non; n ” 







tWHWL 


Read Recovery Time Before Write | 
Vpp Setup Time to CE 100 


28F020-12 28F020-15 
Parameter 


Ci. | | 
[crip erase Time [fost | [os] 1] | os| 10 | vo 
a 


Chip Program Time®)(4) 


— rN a)/ pA, A 
oO r=) o/o|o 


ak 
o>) 


ek hs adh 
oO +=;mM)h =; RUA on 


sna 
(2) 
Oo 
















Note: 

(1) Please refer to Supply characteristics for the value of Vpp} and Vpp,. The Vpp supply can be either hardwired or switched. If Vpp is switched, 
Vppzi can be ground, less than Vcc + 2.0V or a no connect with a resistor tied to ground. 

(2) Program and Erase operations are controlled by internal stop timers. 

(3) ‘Typicals’ are not guaranteed, but based on characterization data. Data taken at 25°C, 12.0V Vpp. 

(4) Minimum byte programming time (excluding system overhead) is 16 is (10 us program + 6 ps write recovery), while maximum is 400 ps/ 
byte (16 ys x 25 loops). Max chip programming time is specified lower than the worst case allowed by the programming algorithm since 
most bytes program significantly faster than the worst case byte. 

(5) Excludes OOH Programming prior to Erasure. | 
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FUNCTION TABLE ) 












[“oupabeabie | va | vm | vm |x | Woz [ 
[Tsencey ve xx vom | oe PO 


WRITE COMMAND TABLE 


Commands are written into the command register in one or two write cycles. The command register can be altered 
only when Vpp is high and the instruction byte is latched on the rising edge of WE. Write cycles also internally latch 
addresses and data required for programming and erase operations. 


Pins — 
First Bus Cycle Second Bus Cycle 


x [904 [Resa | 00 


































Note: 
(1) Logic Levels: X = Logic ‘Do not care’ (Viy, Vit, VepL, VeppH) 
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READ OPERATIONS 


The conventional mode is entered as a regular READ 
mode by driving the CE and OE pins low (with WE high), 
Read Mode and applying the required high voltage on address pin Ag 


A Read operation is performed with both CE and OE low 
and with WE high. Vpp can be either high or low, 
however, if Vpp is high, the Set READ command has to 
be sent before reading data (see Write Operations). The 
data retrieved from the I/O pins reflects the contents of 
the memory location corresponding to the state of the 18 
address pins. The respective timing waveforms for the 
read operation are shown in Figure 3. Refer to the AC 
Read characteristics for specific timing parameters. 


Signature Mode 


The signature mode allows the user to identify the IC 


manufacturer and the type of device while the device 
resides inthe target system. This mode can be activated 
in either of two ways; through the conventional method 
of applying a high voltage (12V) to address pin Ag or by 
sending an instruction to the command register (see 
Write Operations). 


Figure 3. A.C. Timing for Read Operation 


while all other address lines are held at Vi. | 


A Read cycle from address 0000H retrieves the binary 
code for the IC manufacturer on outputs |/Oo to I/O7: 


CATALYST Code = 00110001 (31H) 


A Read cycle from address 0001H retrieves the binary 
code for the device on outputs I/O to I/O7. 


28F020 Code = 1011 1101 (BDH) 


Standby Mode 


With CE at a logic-high level, the CAT28F020 is placed 
in a standby mode where most of the device circuitry is 
disabled, thereby substantially reducing power con- 
sumption. The outputs are placed in a high-impedance 
state. 





POWER UP STANDBY DEVICE AND OUPUTS DATAVALID STANDBY POWERDOWN - 
7 ADDRESS SELECTION —- ENABLED | | 
WAVAVAVAVAVAVAVAVAVAV AV VV VV VV VV 
appresses XXXXXMMMAKAA ee VANNON NN ON.0N 
| tavav (tro) 
CE (E) 
teHaz (tor) 
OE (G) 
teHaz (tpr) 
WE (W) teLav (toe) 
teLav (tce) 
taxax (ton) 


OUTPUT VALID ))))))))}— 


DATA (I/O) 





28F020 FO5 


7-36 


WRITE OPERATIONS 


The following operations are initiated by observing the 
sequence specified in the Write Command Table. 


Read Mode 


The device can be put into a standard READ mode by 
initiating a write cycle with OOH on the data bus. The 
subsequent read cycles will be performed similar to a 
standard EPROM or E2PROM Read. 


Signature Mode 


An alternative method for reading device signature (see 
Read Operations Signature Mode), is initiated by writing 
the code 90H into the command register while keeping 
Vpp high. A read cycle from address 0000H with CE and 
OE low (and WE high) will output the device signature. 


CATALYST Code = 00110001 (31H) 


Figure 4. A.C. Timing for Erase Operation 


Voc POWER-UP SETUP ERASE ERASE 
& STANDBY COMMAND COMMAND 


appresses XX) XX 


two two 
CE (E) | 
tcs ‘CH 
ICH 
OG  / ly 
'GHWL a 
ee heel 
WE (W) 
paaed ‘wp 
HIGH-Z i 
DATA IN DATA IN 
DATA (VO) ¢ OAONIN SO ATNIN 
5.0V 
Vcc 
ov tVPEL 
V 
Vpp PPH 
VPPL 
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ERASING ERASE VERIFY ERASE V 


CAT28F020 


A Read cycle from address 0001H retrieves the binary 
code for the device on outputs 1/Oo to I/O7. 


28F020 Code = 1011 1101 (BDH) 


Erase Mode 


During the first Write cycle, the command 20H is written 
into the command register. In order to commence the 
erase operation, the identical command of 20H has to be 
written again into the register. This two-step process 
ensures against accidental erasure of the memory con- 
tents. The final erase cycle will be stopped at the rising 
edge of WE, at which time the Erase Verify command 
(AOH) is sent to the command register. During this cycle, 
the address to be verified is sent to the address bus and 
latched when WE goes low. An integrated stop timer 
allows for automatic timing control over this operation, 
eliminating the need for a maximum erase timing speci- 
fication. Refer to AC Characteristics (Program/Erase) 
for specific timing parameters. 


POWER-DOWN/ 


COMMAND VERIFICATION STANDBY 





}_ XRD OO XA IY 
t 


two RC 


tEHQZ 


28F020 F11 


CAT28F020 





Figure 5. Chip Erase Algorithm) 





START ERASURE 
APPLY Vppy_ 
PROGRAM ALL 
BYTES TO 00H 
INITIALIZE 
ADDRESS 


INITIALIZE 
PLSCNT = 0 


WRITE ERASE 
SETUP COMMAND 


WRITE ERASE 
| COMMAND 


os 


OPERATION| COMMAND COMMENTS 


Vpp RAMPS TO Vppyy 
(OR Vpp HARDWIRED) 


w 
Cc 
7 

















ALL BYTES SHALL BE 


PROGRAMMED TO 00 
STANDBY BEFORE AN ERASE 
OPERATION 


INITIALIZE ADDRESS 


PLSCNT = PULSE COUNT 


DATA=20H 








DATA = 20H 


TIME OUT 10ms WAIT 





ADDRESS = BYTE TO VERIFY 
DATA = AOH 
STOPS ERASE OPERATION 


WRITE ERASE 
VERIFY COMMAND 


TIME OUT 6ys 
READ DATA 
FROM DEVICE 


















ERASE 


we VERIFY 








WAIT 


INCREMENT 
ADDRESS 





READ BYTE TO 
VERIFY ERASURE 





STANDBY COMPARE OUTPUT TO FF 
INCREMENT PULSE COUNT 


YES 


LAST 
ADDRESS? 
YES 


WRITE READ ; 
COMMAND 


APPLY Vpp,_ APPLY Vpp,_ 
ERASURE ERASE 
COMPLETED ERROR 
Note: 


(1) The algorithm MUST BE FOLLOWED to ensure proper and reliable operation of the device. 









DATA = 00H 
WRITE READ RESETS THE REGISTER 
FOR READ OPERATION 






Vpp RAMPS TO Vpp,_ 


STANDBY (OR Vpp HARDWIRED) 


5108 FHD F10 
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Erase-Verify Mode 


The Erase-verify operation is performed on every byte 
after each erase pulse to verify that the bits have been 
erased. 


Programming Mode 


The programming operation is initiated using the pro- 
gramming algorithm of Figure 7. During the first write 
cycle, the command 40H is written into the command 
register. During the second write cycle, the address of 
the memory location to be programmedis latched on the 
falling edge of WE, while the data is latched on the rising 
edge of WE. The program operation terminates with the 
next rising edge of WE. An integrated stop timer allows 
for automatic timing control over this operation, eliminat- 
ing the need for a maximum program timing specifica- 
tion. Refer to AC Characteristics (Program/Erase) for 
specific timing parameters. 


Figure 6. A.C. Timing for Programming Operation 


Voc POWER-UP SETUP PROGRAM LATCH ADDRESS 
& STANDBY COMMAND & DATA 


CAT28F020 


Program-Verify Mode 


A Program-verify cycle is performed to ensure that all 
bits have been correctly programmed following each 
byte programming operation. The specific address is 
already latched from the write cycle just completed, and 
stays latched until the verify is completed. The Program- 
verify operation is initiated by writing COH into the 
command register. An internal reference generates the 
necessary high voltages so that the user does not need 
to modify Vcc. Refer to AC Characteristics (Program/ 
Erase) for specific timing parameters. 


POWER-DOWN/ 
STANDBY 


PROGRAM 
VERIFY 


PROGRAM Voc 
VERIFICATION 


PROGRAMMING COMMAND 


appresses XXX _—__ RRB 


twe 
tas TAH 
CE (E) 
| CH 
OE (G) 
jf 
| WEL SS 
WE (W) 
nee! © 
Veo © 
wy 'VPEL 
Vpp YPPH 
VPPL 
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OC CO SO 


two tRo 


'EHQZ 


toH 





+t — 
uz al od DATA Out 


fa N 


28F020 F07 
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Figure 7. Programming Algorithm() 


START BUS osetia ) 
+ PROGRAMMING | OPERATION | COMMAND COMMENTS 
7 APPLY Vppyj STANDBY Vpp RAMPS TO VppH 
| (OR Vpp HARDWIRED) 
INITIALIZE 
ADDRESS INITIALIZE ADDRESS 
PLSCNT =0 INITIALIZE PULSE COUNT 
| PLSCNT = PULSE COUNT 
WRITE SETUP 1ST WRITE WRITE 
| PROG. COMMAND CYCLE SETUP DATA = 40H 
WRITE PROG. CMD 2ND WRITE 
Peasy ea CYCLE | PROGRAM | VALID ADDRESS AND DATA 
TIME OUT 10us WAIT 
“WRITE PROGRAM 1ST WRITE | PROGRAM : ie eis 
VERIFY COMMAND CYCLE VERIFY = 
TIME OUT 6us itr 
READ DATA READ READ BYTE TO VERIFY 
FROM DEVICE PROGRAMMING 


VERIFY NO COMPARE DATA OUTPUT 
DATA ? Sale TO DATA EXPECTED 
YES 
LAST 
ADDRESS? 
YES 


WRITE READ | 1ST WRITE yithist el 
READ | SETS THE REGISTER FOR 
COMMAND | CYCEE 3 READOPERATION | 
APPLY Vpp,_ APPLY Vppy STANDBY Vpp RAMPS TO Vpp_ 
| (OR Vpp HARDWIRED) 

PROGRAMMING PROGRAM 

COMPLETED _ ERROR 

Note: 


(1) The algorithm MUST BE FOLLOWED to ensure proper and reliable operation of the device. 














INCREMENT 
ADDRESS 


5108 FHD F06 
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Abort/Reset 


An Abort/Reset command is available to allow the user 
to safely abort an erase or program sequence. Two 
consecutive program cycles with FFH on the data bus 
will abort an erase or a program operation. The abort/ 
reset operation can interrupt at any time in a program or 
erase operation and the device is reset to the Read 
Mode. 


POWER UP/DOWN PROTECTION 


The CAT28F020 offers protection against inadvertent 
programming during Veep and Vcc power transitions. 
When powering up the device there is no power-on 
sequencing necessary. In other words, Vpp and Vcc 
may power up in any order. Additionally Vpp may be 
hardwired to VppH independent of the state of Vcc and 
any power up/down cycling. The internal command 
register of the CAT28F020 is reset to the Read Mode on 
power up. 


Figure 8. Alternate A.C. Timing for Program Operation 


CAT28F020 


POWER SUPPLY DECOUPLING 


To reduce the effect of transient power supply voltage 
spikes, it is good practice to use a 0.1uF ceramic 
capacitor between Vcc and Vss and Vpp and Vss. These 
high-frequency capacitors should be placed as close as 
possible to the device for optimum decoupling. 


LZ 








VaR POWER-UP SETUP PROGRAM LATCH ADDRESS PROGRAM PROGRAM Vane POWER-DOWN/ 
& STANDBY COMMAND & DATA VERIFY VERIFICATION STANDBY 
PROGRAMMING COMMAND 
VVVVEVYVVVVVVV VAVAVE00 8.0000" AVAVAVAVAVAVAWAT 2.4'0'0°00.0'0' 6 AWAVAVAUAVAWAN © AWAY 
appresses XX XXMXXXXXAA —__ DORR AAA a a AY 
twe two tRo 
TAVEL 'ELAX 
WE (W) 
'WLEL —>| — TEHWH 
'WLEL tEHWH 'EHQZ 
'EHWH 'WLEL ie 
itd a é 
tGHEL ; 'EHEH 'EHGL ‘DF 
EWHEL ae ie 
CEE) i 
Beare 'ELEH 'ELEH eal 
tEHDX 
(DVEH tDVEH i 
HIGH-Z : mm 
DATA (I/O) | ON Se (DATAING J { DATA IN } 
LID 
5.0V 
Vcc \ 
ey 'VPEL 
V 
Vpp PPH 
VPPL 


28F020 FO9 


CAT28F020 


ALTERNATE CE-CONTROLLED WRITES 


JEDEC (Standard | 7 | 28F020-12 | 28F020-15 | 28F020-20 
Symbol | Symbol Parameter 3 | 























teen | top | Write Pulse Width ) 
Write Pulse Width High 
Vpp Setup Time to CE Low 414 


Tae ae ane ie ee 
Wit Cyl Tne rao] [180] | a00| | ne 
aver [ts | Ades Setup Tir Tet pet fel [re 
arse Hold Te Ce Cc 
[over | tos | DeeSeuptine «dt | || || | mm 
DataHoidTime ———~S~s wo | | wo | 00] a 
Tims | we | WEseupTineseioecE | o | | o | 
town | — | WEHouTineaterSE ito | fo | 


hm] & 
oO} oO 





© 
© 


tcp 





ORDERING INFORMATION 






Prefix | Device # | Suffix 
CAT 28F020 N | -12 TEZ 
Temperature Range Tape & Reel 





TE7: 500/Reel 


Blank = Commercial (0°C to +70°C) 
TE13: 2000/Reel 


| = Industrial (-40°C to +85°C) 





| Speed 


Optional 
12: 120ns 


Company ID 





Package 
N: PLCC 
P: PDIP 
T: TSOP (8mmx20mm) 

TR: TSOP (Reverse Pinout) 





15: 150ns 
20: 200ns 






28F020 F12 


Note: 
(1) The device used in the above example is a CAT28FO20NI-12TE7 (PLCC, Industrial Temperature, 120 ns access time, Tape & Reel). 
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Preliminary 


CAT28F102 


1 Megabit CMOS Flash Memory 


FEATURES 


m@ Fast Read Access Time: 90/120/150 ns 


m Low Power CMOS Dissipation: 
—Active: 30 mA max (CMOS/TTL levels) 
—Standby: 1 mA max (TTL levels) 
—Standby: 100 LA max (CMOS levels) 


m@ High Speed Programming: 
—10 Us per byte 
—1 Sec Typ Chip Program 
m 0.5 Seconds Typical Chip-Erase 
@ 12.0V +5% Programming and Erase Voltage 


m= Commercial and Industrial Temperature Ranges 


DESCRIPTION 


The CAT28F 102 is a high speed 64K x 16-bit electrically 
erasable and reprogrammable Flash memory ideally 
suited for applications requiring in-system or after-sale 
code updates. Electrical erasure of the full memory 
contents is achieved typically within 0.5 second. 


It is pin and Read timing compatible with standard 
EPROM and E*PROM devices. Programming and Erase 
are performed through an operation and verify algo- 
rithm. The instructions are input via the I/O bus, using a 


BLOCK DIAGRAM 











O 
m 


ADDRESS LATC 


Ag-A15 


VOLTAGE VERIFY 
SWITCH 


© 1996 Catalyst Semiconductor, Inc. 
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MCATACYST 


64K x 16 Word Organization 
Stop Timer for Program/Erase 
On-Chip Address and Data Latches 


JEDEC Standard Pinouts: 
~40-pin DIP 

—44-pin PLCC 

—40-pin TSOP 

m@ 100,000 Program/Erase Cycles 
10 Year Data Retention 


m Electronic Signature 


two write cycle scheme. Address and Data are latched 
to free the I/O bus and address bus during the write 
operation. 





The CAT28F102 is manufactured using Catalyst’s ad- 
vanced CMOS floating gate technology. It is designed to 
endure 100,000 program/erase cycles and has a data 
retention of 10 years. The device is available in JEDEC 
approved 40-pin DIP, 44-pin PLCC, or 40-pin TSOP 
packages. 


VOo-VO45, 





VO BUFFERS 
ERASE VOLTAGE fees Ee 
SWITCH ra 


WE COMMAND PROGRAM VOLTAGE 

iv REGISTER SWITCH 
air a 
age nee Bea eae eae 


Y-DECODER 
1,048,576-BIT 
| MEMORY 
X-DECODER [StCS 


CE, OE LOGIC 





DATA SENSE 
LATCH AMP 


Y-GATING 


ARRAY 
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Characteristics subject to change without notice 


CAT28F102 | Preliminary 


PIN CONFIGURATION PIN FUNCTIONS 
| PinName | Type | Function 
Gensel tance Address Inputs for 
memory addressing 
oe 
[We Pinar [wit erable | 
Votage Supp |. 
| Voltage Supply 









PLCC Package (N) | 


i 


A13 
A12 
A414 
A10 
Ag 
Vss 
NC 
Ag 
A7 
Ag 
A5 













28F 101-2 





DIP Package (P) 

vee ‘Vee eee aan 

al NE Att ames 1s — 38 A a7 
045 3 NC Ajo (O14 PI Ag 
/O14 4 As A13 "45 36 FI As 
1/043 5 A14 As ee : ee ie 
VO4o2 6 Ai3 Nc cols I Ap 
VO4, LY 7 A12 WE code cr Ay 
/Oi9 C8 Ati Vcc (<4 10 TSOP Pack T rT Ag_ 
Og CE] 9 A10 Vpp 4411 ackage (T) OE 
/Og Ag CE cr 12 I /O9 
Vsg aE peso ie 
uO7 Ag VO [14 15 i EES VOx 
0g A7 VO4> 4416 rT 04 
V/O5 Ag O44, (1417 PI /O5 
O04 As O49 [TI 18 23 FI O06 
03 Ag VOg E1419 | 22 E07 

28F101-3 

/04 Ao . 

Oo Ay 

OE Ao 





28F 101-2 
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Preliminary 


ABSOLUTE MAXIMUM RATINGS* 


Temperature Under Bias.................+ —55°C to +95°C 
- Storage Temperature 00... ~65°C to +150°C 


Voltage on Any Pin with 


Respect to Ground!) 0.0... —0.6V to +Vcc + 2.0V 


Voltage on Pin Ag with 


Respect to Ground” woo. —2.0V to +13.5V 


Vpp with Respect to Ground 


during Program/Erase™) .............. —0.6V to +14.0V 
Vcc with Respect to Ground) 2... ~2.0V to +7.0V 
Package Power Dissipation 

Capability (Ta = 25°C) ...... cc eeeeeceeseeeseeeeeees 1.0 W 
Lead Soldering Temperature (10 secs) ............ 300°C 
Output Short Circuit Current® oo... 100 mA 


RELIABILITY CHARACTERISTICS 


[ symbot | Parameter [Win 






ESD Susceptibility | 2000 
ITH(S)(4) Latch-Up 










| Input Pin Capacitance 





ae 

[Ton® | DateRetenion | 10 | | Years | MIL'STO-99, Test Method 108 
e000 | 
ar 


CAT28F102 


*COMMENT 


Stresses above those listed under “Absolute Maximum 
Ratings” may cause permanent damage to the device. 
These are stress ratings only, and functional operation of 
the device at these or any other conditions outside of those 
listed in the operational sections of this specification is not 
implied. Exposure to any absolute maximum rating for 
extended periods may affect device performance and 
reliability. 


units | Test Method 
Cycles/Byte | MIL-STD-883, Test Method 1033 


MIL-STD-883, Test Method 3015 
JEDEC Standard 17 





Note: 





(1) The minimum DC input voltage is -0.5V. During transitions, inputs may undershoot to —2.0V for periods of less than 20 ns. Maximum DC 
voltage on output pins is Voc +0.5V, which may overshoot to Vcc + 2.0V for periods of less than 20ns. 

(2) Output shorted for no more than one second. No more than one output shorted at a time. 

(3) This parameter is tested initially and after a design or process change that affects the parameter. 

(4) Latch-up protection is provided for stresses up to 100 mA on address and data pins from —1V to Vcc +1V. 
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D.C. OPERATING CHARACTERISTICS 
Voc = +5V 10%, unless otherwise specified 
Limits 
| Parameter Test Conditions 


lu Input Leakage Current _ Vin = Vcc or Vss 


Voc = 5.5V, OE = Vin 


Vout = Vcc or Vss, 
Voc = 5.5V, OE = Vin 


CE=Vcc +0.5V, 


\ 


lLo - Output Leakage Current 


IsB1 Vcc Standby Current CMOS 





| L7 } Vcc = 5.5V 
| Isa2__ | Voc Standby Current TTL CE = Vin, Voc = 5.5V 
loc Vcc Active Read Current Voc = 5.5V, CE = Vit, 
lout = OmA, f = 6 MHz 
lcc2) | Voc Programming Current Voc = 5.5V, - 
| Programming in Progress 


Vec = 5.5V, 
Erasure in Progress 


Vcc Erase Current. 
Icca) | Voc Prog./Erase Verify Current 


Vpp Standby Current 
Vpp Read Current 


Ippo) | Vpp Programming Current 
pps!) | Vpp Erase Current 


MIL Input Low Level TTL 


Note: . . 
(1) This parameter is tested initially and after a design or process change that affects the parameter. 


Voc = 5.5V, Program or 
Erase Verify in Progress 


| Vpp = VppL 





Vpp = VPPH 


Vpp = VpPH, 
Programming in Progress 


Vpp = VpPH, 
Erasure in Progress 


2 
" 
. 
mA 
™ 
30 mA 

i 
™ 
= 
™ 
mA Vpp = VppH, Program or 

Erase Verify in Progress 


lo. = 5.8MA, Vcc = 4.5V 


loH = —2.5mA, Voc = 4.5V 
lon = —400uA, Voc = 4.5V 
Ag = Vip 
Ag = Vip 


N 
& 
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SUPPLY CHARACTERISTICS 





A.C. CHARACTERISTICS, Read Operation 
Vcc = +5V +10%, unless otherwise specified 


JEDEC | Standard 






























Figure 1. A.C. Testing Input/Output Waveform(3)(4)(5) 





2.4V 
2.0V 
INPUT PULSE LEVELS REFERENCE POINTS 
0.45 V = 
5108 FHD F03 
Figure 2. A.C. Testing Load Circuit (example) 1.3V 
1N914 
3.3K 
DEVICE 
UNDER 0 OUT 
TEST 
at CL = 100 pF 
ee Cy INCLUDES JIG CAPACITANCE Becca, 


Note: 

(1) This parameter is tested initially and after a design or process change that affects the parameter. 

(2) Output floating (High-Z) is defined as the state where the external data line,is no longer driven by the output buffer. 
(3) Input Rise and Fall Times (10% to 90%) < 10 ns. 

(4) Input Pulse Levels = 0.45V and 2.4V. 

(5) Input and Output Timing Reference = 0.8V and 2.0V. 

(6) Low-Z is defined as the state where the external data may be driven by the output buffer but may not be valid. 
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A.C. CHARACTERISTICS, Program/Erase Operation 
Voc = +5V +10%, unless otherwise specified. 


Symbol | Symbol Parameter | Min. | 


Max. | 
150 | | 


te Ua 
a ns 
eae 
ae Eo ae 
pf 40 || ns 
pf to || ns 
Panis 
po | [ns | 









TAVAV two Write Cycle Time 


| Min. 
| 90 | 
Address Setup Time zoe 


tAVWL tas 
Address Hold Time 


Data Setup Time > 


Data Hold Time | 10 | | 10 | 
cs_| OFseuptime ———SC«dT | fo] 
wien | tow | CEHoaTme ———SSC«dCO TT | 
[tww | twe | WePulsewith | 40 || ao || 40 | 
iwi | wen | WEHigh Pusewam ——«; eo |_| 20 | 


tWLAX tAH 


toVWH ‘| tps 


tWHDXx 


tELWL 








twHwH1(2) 


Lo 
20 | 

[Program Pulse With | tf | to | | to | 
Erase Pulse With | 95 | | 8S || 8s | 
See ae See 

Lo 

— 


twHwH2) 


tWHGL 


” 


LL 
US 


ne 
: Pe 
rie 


6 | 
ore [Read Recovery Tine Betorewnte | 0 | | 0 | | 0 
WVPEL Vpp Setup Time to CE 100 = 100 | | 100 





ERASE AND PROGRAMMING PERFORMANCE“) 


28F102-90 | = 28F102-12, | 28F102-15 
Parameter 


| Min. | Typ.| Max. | Min. | Typ. | Max. | Min. | Typ. [ Max. | 
criperace tines | [os] 1 | [os] 1 | | 05| 10 | oe 
[crip Prooramtinet® | [1 fest [1] | 


(1) Please refer to Supply characteristics for the value of Vppjy and Vpp,. The Vpp supply can be either hardwired or switched. If Vpp is switched, 

| Vppi can be ground, less than Vcc + 2.0V or a no connect with a resistor tied to ground. 

(2) Program and Erase operations are controlled by internal stop timers. 

(3) ‘Typicals’ are not guaranteed, but based on characterization data. Data taken at 25°C, 12.0V Vpp. 

(4) Minimum byte programming time (excluding system overhead) is 16 us (10 us program + 6 us write recovery), while maximum is 400 us/ 
byte (16 us x 25 loops). Max chip programming time is specified lower than the worst case allowed by the programming algorithm since 
most bytes program significantly faster than the worst case byte. 

(5) Excludes 00H Programming prior to Erasure. 
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FUNCTION TABLE) 












Write Cycle VIL Vin } Ve | VppH | Din During Write Cycle 
Read Cycle Vi ViL Vin During Write Cycle 
O/P Disable Vit Vin VIH During Write Cycle 


eo | we | ww | wo 
igh-Z 









WRITE COMMAND TABLE 


Commands are written into the command register in one or two write cycles. The command register can be altered 
only when Vpp is high and the instruction byte is latched on the rising edge of WE. Write cycles also internally latch 
addresses and data required for programming and erase operations. | 









Pins . 


oo 

X 

Xx 

X 

AIN 

X N 

< | 

X 







[Read Sig FG) | _wite | x | ¥XG0H | eas | 0000 
[Feed Sig. Doves) | _wite | x | xxo0H] Reed | oor 
ereso | Wite | ~—«X~~«(XOH| ete |x|] 
[ereseveiy | wate | Aw | xxAOH| eas | __X_ 
Preaam | _wite | x | xxeoH| ite | Aw | Ow | _ 
[Program verty | wie | x | xxc0H] eas | x __ 
Reset | wie (| x ~dmrrn] we | x fore] 
aie Levels: X = Logic ‘Do not care’ (Vin, Vit, VepL, VppH) 


| Din 
ao 
et 
a 
oe, 
| Pw 
a 
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CAT28F102 


READ OPERATIONS 


Read Mode 


A Read operation is performed with both CE and OE low 
and with WE high. Vpp can be either high or low, 
however, if Vpp is high, the Set READ command has to 
be sent before reading data (see Write Operations). The 
data retrieved from the I/O pins reflects the contents of 
the memory location corresponding to the state of the 16 
address pins. The respective timing waveforms for the 
read operation are shown in Figure 3. Refer to the AC 
Read characteristics for specific timing parameters. 


Signature Mode 


The signature mode allows the user to identify the IC 
manufacturer and the type of device while the device 
- resides in the target system. This mode can be activated 
in either of two ways; through the conventional method 
of applying a high voltage (12V) to address pin Ag or by 
sending an instruction to the command register (see 
Write Operations). 


Preliminary 


The conventional mode is entered as a regular READ © 
mode by driving the CE and OE pins low (with WE high), 
and applying the required high voltage on address pin Ag 
while all other address lines are held at Vic. 


A Read cycle from address OOOOH retrieves the binary 
code for the IC manufacturer on outputs 1/Opo to I/O15: 


CATALYST Code = 0000 0000 0011 0001 (0031H) 


A Read cycle from address 0001H retrieves the binary 


code for the device on outputs I/Oo to /O15. © 
28F102 Code = 0000 0000 0101 0001 (0051H) 


Standby Mode | 


With CE ata logic-high level, the CAT28F 102 is placed 
in a standby mode where most of the device circuitry is 
disabled, thereby substantially reducing power con- 
sumption. The outputs are placed in a high-impedance 
state. | 


Figure 3. A.C. Timing for Read Operation 





POWER UP STANDBY DEVICE AND OUPUTS DATAVALID STANDBY POWER DOWN 
ADDRESS SELECTION ENABLED | 
aooresses TYXXYKKXEN sSOReSS TB TOXKKEKKXE 
tavav ‘tRo) | 


CE (E) 
| a teHazt(pF 
OE (G) | | 






WE (W) | ef teLav “oe! 
Propet Sod teLav (toe) 
teLax (toLz) 
DATA (VO) —a (CKCE output vaio _}))))))y) 


—tavav ‘tacc) 


28F 102 FOS 


7-50 


Preliminary 


WRITE OPERATIONS 


The following operations are initiated by observing the 
sequence specified in the Write Command Table. 


Read Mode . 


The device can be put into a standard READ mode by 
initiating a write cycle with XXOOH on the data bus. The 
subsequent read cycles will be performed similar to a 
standard EPROM or E2PROM Read. 


Signature Mode 


An alternative method for reading device signature (see 
Read Operations Signature Mode), is initiated by writing 
the code XX90H into the command register while keep- 
ing Ver high. A read cycle from address 0000H with CE 
and OE low (and WE high) will output the device signa- 
ture. 


CATALYST Code = 0000 0000 0011 0001 (0031H) 


Figure 4. A.C. Timing for Erase Operation 


Voc POWER-UP SETUP ERASE ERASE 
& STANDBY COMMAND COMMAND 


WC two 


ERASING 


CAT28F102 


A Read cycle from address 0001H retrieves the binary 
code for the device on outputs I/Op to I/O7. 


28F102 Code = 0000 0000 0101 0001 (0051H) 
Erase Mode 


During the first Write cycle, the command XX20H is 
written into the command register. In orderto commence 
the erase operation, the identical command of XX20H 
has to be written again into the register. This two-step 
process ensures against accidental erasure of the 
memory contents. The final erase cycle will be stopped 
at the rising edge of WE, at which time the Erase Verify 
command (XXAOH) is sent to the command register. 
During this cycle, the address to be verified is sent to the 
address bus and latched when WE goes low. An inte- 
grated stop timer allows for automatic timing control over 
this operation, eliminating the need for a maximum 
erase timing specification. Refer to AC Characteristics 
(Program/Erase) for specific timing parameters. 


ERASE V 
VERIFICATION 


POWER-DOWN/ 
STANDBY 


ERASE VERIFY 
COMMAND 









two RC 


appresses X) XXX YI RID }___ PUR OXY) 
t t 


CE (E) 
ics 


ICH 


ee Tf 
'GHWL a 
ss al 
WE (W) | 


HIGH-Z 


DATA (I/O) yO 


5.0V, 
Vcc 


'VPEL 

V 
Vpp PPH 
VPPL 


ae . | 
DATA IN DATA IN 
CO OO 









tas 


tOH 


/ 


all vale 
DATA OUT 


ZS 


28F 101-06 


7-51 


CAT28F102 a , | Preliminary 





Figure 5. Chip Erase Algorithm() 


ae 
START ERASURE acca COMMAND COMMENTS 


Vpp RAMPS TO VpPH 

























| APPLY Vppy 
(OR Vpp HARDWIRED) 
=e ; ALL BYTES SHALL BE 
PROGRAM AL - PROGRAMMED TO 00 
BYTES TO 0000H STANDBY BEFORE AN ERASE 
| OPERATION 
INITIALIZE 
ITIA DR 
ADDRESS | | INITIALIZE ADDRESS 
| INITIALIZE | | | 
| | PLSCNT=0 PLSCNT = PULSE COUNT 
WRITE ERASE ee DATA = XX20H 
SETUP COMMAND 
WRITE ERASE 7 
COMMAND . WRITE DATA = XX20H 
TIME OUT 10ms | WAIT 
ADDRESS = BYTE TO VERIFY 
ey COMMAND WRITE DATA = XXAQH 
STOPS ERASE OPERATION 
TIME OUT 6us 
INCREMENT 
ADDRESS: 
READ DATA 
READ READ BYTE TO 
FROM DEVICE VERIFY ERASURE 
STANDBY COMPARE OUTPUT TO FF 
: INCREMENT PULSE COUNT 
YES 
LAST , 
ADDRESS? 
YES 
| = DATA = 0000H 
SE? WRITE RESETS THE REGISTER 
FOR READ OPERATION 
| | Vpp RAMPS TO Vpp,_ 
| APPLY Vpp, APPLY Vpp, STANDBY ey sceAdoMeee 
ERASURE ERASE | 
COMPLETED ERROR | 
Note: 28F101-07 


(1) The algorithm MUST BE FOLLOWED to ensure proper and reliable operation of the device. 
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Erase-Verify Mode 


The Erase-verify operation is performed on every byte 
after each erase pulse to verify that the bits have been 
erased. 


Programming Mode 


The programming operation is initiated using the pro- 
gramming algorithm of Figure 7. During the first write 
cycle, the command XX40H is written into the command 
register. During the second write cycle, the address of 
the memory location to be programmedzd is latched on the 
falling edge of WE, while the data is latched on the rising 
edge of WE. The program operation terminates with the 
next rising edge of WE. An integrated stop timer allows 
for automatic timing control over this operation, eliminat- 
ing the need for a maximum program timing specifica- 
tion. Refer to AC Characteristics (Program/Erase) for 
specific timing parameters. 


Figure 6. A.C. Timing for Programming Operation 


Voc POWER-UP SETUP PROGRAM LATCH ADDRESS 
& STANDBY COMMAND & DATA 


CAT28F102 


Program-Verify Mode 


A Program-verify cycle is performed to ensure that all 
bits have been correctly programmed following each 
byte programming operation. The specific address is 
already latched from the write cycle just completed, and 
stays latched until the verify is completed. The Program- 
verify operation is initiated by writing XXCOH into the 
command register. An internal reference generates the 
necessary high voltages so that the user does not need 
to modify Vcc. Refer to AC Characteristics (Program/ 
Erase) for specific timing parameters. 


PROGRAM PROGRAM Vcc POWER-DOWN/ 
VERIFY VERIFICATION STANDBY 


PROGRAMMING COMMAND 


nopresses TXXQAKKXKXO ORR 


two 


tas TAH 


WE (W) 


HIGH-Z 
DATA (V/O) f OMIN 2H OCDATAIN 3 


OV 
Vcc > 


ov tVPEL 
V 

Vpp “PPH 
VPPL 
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eq Tf 
tWHWH1 tWHGL 
realm 


TOOCCCO MOCO CCe NOON 


twc tRc 


tEHQZ 


‘DF 


: 
os 


tOH 





tps toLz it 
DATA IN A. 
Pee ¢ 


VALID 
Lz mall DATA OUT 
CE 


28F 102 FO7 





a 


va. 


CAT28F102 © 
Figure 7. Programming Algorithm() - 


/ START 
PROGRAMMING 


APPLY Vppy 


INITIALIZE 
ADDRESS 


PLSCNT = 0 


| WRITE SETUP 
PROG. COMMAND 


WRITE PROG. CMD 
ADDR AND DATA 


TIME OUT 10us 


WRITE PROGRAM 
VERIFY COMMAND 


TIME OUT 6ys 


READ DATA 
FROM DEVICE 


VERIFY O 
DATA ? 


YES YES 
INCREMENT |, NO LAST 
ADDRESS ADDRESS? 


WRITE READ 
COMMAND 


( 


< 
m 
~* 


APPLY Vpp APPLY Vpp,_ 


PROGRAMMING | PROGRAM 
COMPLETED ERROR 


Note: 


Preliminary 





BUS | | 
OPERATION | COMMAND COMMENTS 


STANDBY Vpp RAMPS TO VepH 
(OR Vpp HARDWIRED) 
INITIALIZE ADDRESS 
INITIALIZE PULSE COUNT 
PLSCNT = PULSE COUNT 
1ST WRITE Bae 
Bae DATA = XX40H 





2ND WRITE 
CYCLE PROGRAM | VALID ADDRESS AND DATA 


WAIT 
4ST WRITE | PROGRAM | 
CYCLE VERIFY DATA = XXCOH 
WAIT 
READ BYTE TO VERIFY 
ne PROGRAMMING 
COMPARE DATA OUTPUT 
STANDBY TO DATA EXPECTED 
DATA = XX00H 
1ST WRITE SETS THE REGISTER FOR 
CYCLE READ OPERATION 
Sengay Vpp RAMPS TO Vpp, 
(OR Vpp HARDWIRED) 


(1) The algorithm MUST BE FOLLOWED to ensure proper and reliable operation of the device. 
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Abort/Reset 


An Abort/Reset command is available to allow the user 
to safely abort an erase or program sequence. Two 
consecutive program cycles with XXFFH on the data 
bus will abort an erase or a program operation. The 
abort/reset operation can interrupt at any time in a 
program or erase operation and the device is reset to the 
Read Mode. 


DATA PROTECTION 


1. Power Supply Voltage 


When the power supply voltage (Vcc) is less than 2.5V, 
the device ignores WE signal. 


2. Write Inhibit 


When CE and OE are terminated to the low level, write 


CAT28F102 


POWER UP/DOWN PROTECTION 


The CAT28F102 offers protection against inadvertent 
programming during Vpp and Vcc power transitions. 
When powering up the device there is no power-on 
sequencing necessary. In other words, Vpp and Vcc 
may power up in any order. Additionally Vpp may be 
hardwired to VppH independent of the state of Vcc and 
any power up/down cycling. The internal command 
register of the CAT28F 102 is reset to the Read Mode on 
power up. 


POWER SUPPLY DECOUPLING 


To reduce the effect of transient power supply voltage 
spikes, it is good practice to use a 0.1uF ceramic 
capacitor between Vcc and Vss and Vpp and Vss. These 
high-frequency capacitors should be placed as close as 


mode is not set possible to the device for optimum decoupling. 


Figure 8. Alternate A.C. Timing for Program Operation 


PROGRAM Voc POWER-DOWN/ 7 


VERIFICATION STANDBY 


POWER-UP SETUP PROGRAM LATCH ADDRESS 
& STANDBY COMMAND & DATA 


PROGRAM 
VERIFY 
PROGRAMMING COMMAND 


ADDRESSES XX TCC KY ” YX CO. ARR LOCCCCe:: Wn NOOO ARAN 





two two tro 
tAVEL tELAX 
WE (E) 
tWLEL >| fEHWH 
'WLEL tEHWH tEHQZ 
— tWLEL a 
” ti a 
L_+ ay 'EHEH 'EHGL ‘DF 
‘EHEL +> ia 
CE (W) 
aes TELEH peal 
tEHDX 
tpVEH —'DVEH 
HIGH-Z 
DATA IN DATA IN 
Veco © 
'VPEL 
Vpp PPH | 
VPPL 28F102 F10 
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ALTERNATE CE-CONTROLLED WRITES 


EDEC (Standard | 28F102-90 | 28F 102-12 
Symbol! Symbol {| — Parameter 


_ 
ees | - | VorSeupTineoCEtow ‘| 








7) D ie) 













— {| RIK cae 
otstaattat 
a/R] pA ps 
cons 5 5 BE B 






mo, S — & 
oO}; © >) >) 


mo; 
oO | © 


ale 
im) 
© 


sls 
oO}; Oo 


© 
o>) 
soale 
=) 
© 





ORDERING INFORMATION 


[ Prefix | Device # | Suffix . | 


CAT 28F 102 N | | -90 TE7 





Product 
Number 


Temperature Range : 
Blank = Commercial (0°C to +70°C) 
| = Industrial (-40°C to +85°C) 


Tape & Reel 
TE7: 500/Reel 









TE13: 2000/Reel 












Speed 
90: 90ns 
12: 120ns 
15: 150ns 


Optional 


Package 
Company I.D. 


N: PLCC 


P: PDIP 
T: TSOP 
TR: TSOP (Reverse Pinout) 





Note: | ‘ 
(1) The device used in the above example is a CAT28F102NI-90TE7 (PLCC, Industrial Temperature, 90 ns access time, Tape & Reel). 


7-56 


Preliminary 


CAT28F202 


2 Megabit CMOS Flash Memory 


FEATURES 


m Fast Read Access Time: 120/150/200 ns 


m Low Power CMOS Dissipation: 
—Active: 30 mA max (CMOS/TTL levels) 
—Standby: 1 mA max (TTL levels) 
—Standby: 100 WA max (CMOS levels) 


m@ High Speed Programming: 
-10 Lis per byte 
—2 Sec Typ Chip Program 
m 0.5 Seconds Typical Chip-Erase 
m@ 12.0V +5% Programming and Erase Voltage 


m Commercial and Industrial Temperature Ranges 


DESCRIPTION 


The CAT28F202 is a high speed 128K x 16-bit electri- 
cally erasable and reprogrammable Flash memory ide- 
ally suited for applications requiring in-system or after- 
sale code updates. Electrical erasure of the full memory 
contents is achieved typically within 0.5 second. — 


It is pin and Read timing compatible with standard 
EPROM and E*PROM devices. Programming and Erase 
are performed through an operation and verify algo- 
rithm. The instructions are input via the I/O bus, using a 


BLOCK DIAGRAM 







WE COMMAND 
ty REGISTER 
| 


CE 
ae ee Ee ee fee ee ee 
OE 
< 
e 
5 
Y) 
Ao-A16 oA 
oc 
Q 
Q 
<< 


VOLTAGE VERIFY 
SWITCH 


© 1996 Catalyst Semiconductor, Inc. 


ERASE VOLTAGE 
SWITCH oz 
PROGRAM VOLTAGE 
SWITCH 


Y-DECODER 
2,097,152-BIT 
MEMORY 
X-DECODER 
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m@ 128K x 16 Word Organization 
m@ Stop Timer for Program/Erase 
m On-Chip Address and Data Latches 


m JEDEC Standard Pinouts: 
—40-pin DIP 
—44-pin PLCC 
—40-pin TSOP 


@ 100,000 Program/Erase Cycles 
m 10 Year Data Retention 
m Electronic Signature 


two write cycle scheme. Address and Data are latched 
to free the I/O bus and address bus during the write 
operation. 


The CAT28F202 is manufactured using Catalyst’s ad- 
vanced CMOS floating gate technology. It is designed to 
endure 100,000 program/erase cycles and has a data 
retention of 10 years. The device is available in JEDEC 
approved 40-pin DIP, 44-pin PLCC, or 40-pin TSOP 
packages. 


VOo-V045 


“ee BUFFERS 








DATA SENSE 
LATCH AMP 


Y-GATING 


CE, OE LOGIC 








ARRAY 


28F 202-1 


Characteristics subject to change without notice 
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PIN CONFIGURATION PIN FUNCTIONS 


Address Inputs for 
| memory addressing 
PLCC Package (N) VOo-V/O15 Data Input/Output 
3 Chip Enable | 
Output Enable 
| Write Enable 
A13 Voltage Supply 
A412 
Ai0 Program/Erase 
Ag Voltage Supply - 
NC 
Ag 
A7 


Ag 
A5 





Aq, O43 CI Az 
VO15 A16 Ao 44 -I— Ag 
VO14 A15 Aig O45 i As 
043 Ai4 . Ai4 (146 cI Ay 
O40 A413 Ai5 417 I Ag 
A16 (18 tT] Ao 
VO44 A12 WE ccol9 cI Ay 
VO10 Att Voc (5) 10 rI— Ag 
/Og Aio Vpp —T411 TSOP Package (T) cr OE 
— 0g Ag CE C1412 LI 1/09 
Me) A VO14 C1414 Tr 1/09 
7 8 VO43 [415 cr 1/03 
0g A7 VOy 1416 rT O04 
V/Os5 Ag O44 1417 rT /O5 
VO4 As O19 — 1718 PI /0¢ 
03 Ag Og (1419 PI] 1/07 
/Og (L420 PTI Vss 
O92 A3 : , 
04 Ao 28F202 FO2 
VOo Ay 


OE 21 [J Ao 
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ABSOLUTE MAXIMUM RATINGS* 


Temperature Under Bias..................... —55°C to +95°C 
Storage Temperature ..............eee —65°C to +150°C 
Voltage on Any Pin with 

Respect to Ground") ........... —0.6V to +Vcc + 2.0V 
Voltage on Pin Ag with 

Respect to Ground™ woe —2.0V to +13.5V 
Vpp with Respect to Ground 

during Program/Erase™) .............. —0.6V to +14.0V 
Vcc with Respect to Ground) ............ ~—2.0V to +7.0V 
Package Power Dissipation 

Capability (Ta = 25°C) ......cccceccccccceeeeeeeeeeeeeees 1.0W 
Lead Soldering Temperature (10 secs) ............ 300°C 
Output Short Circuit Current) ose 100 mA 


RELIABILITY CHARACTERISTICS 


Tor) 


ji 10 
Vzap@3) ESD Susceptibility | 2000 


CAPACITANCE Ta = 25°C, f = 1.0 MHz 


Input Pin Capacitance 















Latch-Up 





Output Pin Capacitance 


Cas [ tints 
a 

TDataReterion | 10 | | Years | MILSTD-09, Test athod 1008 
ntl 
~— 


CAT28F202 


*COMMENT 


Stresses above those listed under “Absolute Maximum 
Ratings” may cause permanent damage to the device. 
These are stress ratings only, and functional operation of 
the device at these or any other conditions outside of those 
listed in the operational sections of this specification is not 
implied. Exposure to any absolute maximum rating for 
extended periods may affect device performance and 
reliability. | 


Test Method 
Cycles/Byte MIL-STD-883, Test Method 1033 


MIL-STD-883, Test Method 3015 
JEDEC Standard 17 





Vpp Supply Capacitance 


Note: 


(1) The minimum DC input voltage is —0.5V. During transitions, inputs may undershoot to —2.0V for periods of less than 20 ns. Maximum DC 
voltage on output pins is Voc +0.5V, which may overshoot to Vcc + 2.0V for periods of less than 20ns. 

(2) Output shorted for no more than one second. No more than one output shorted at a time. 

(3) This parameter is tested initially and after a design or process change that affects the parameter. 

(4) Latch-up protection is provided for stresses up to 100 mA on address and data pins from —1V to Vcc +1V. 
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Voc = +5V +10%, unless otherwise specified 
| Limits 


Symbol - Parameter Test Conditions 


It Input Leakage Current 
ILo Output Leakage Current 
IsBt Vcc Standby Current CMOS 


Voc Standby Current TTL 


loc1 Vcc Active Read Current 
| Ica) | Veo Programming Current 30 
Icc3 ~| Voec Erase Current 


loca | Voc Prog./Erase Verify Current 


IPPs Vpp Standby Current 
Vpp Read Current 


ane 
ee 
ow 
| 08 


I+- 

oooh, 
c 

> 


o 
> 


VIN = Vcc or Vss 
Voc = 5.5V, OE = Vin 


Vout = Vcc or Vss, 
Voc = 5.5V, OE = Vin 


CE = Vcc +0.5V, 
Vcc = 5.5V | 


CE = Vin, Voc = 5.5V 


Voc = 5.5V, CE = Vi, 
lout = OmA, f = 6 MHz 


Vcc = 5.5V, 
Programming in Progress 


Vcc = 5.5V, 
Erasure in Progress 


+ 
enh 


A 


100 A 


c 


mA 






mA 


A 


> 


m Vcc = 5.5V, Program or 


Erase Verify in Progress 


Vpp = VPPL 


vy 
WA 
mA 





Vpp = VpPH 


Vpp = VpPH, 
Programming in Progress 


mA Vpp = VppH, 


Erasure in Progress 


> 


Ipp3) | Vpp Erase Current 
| Ipp4) | Vpp Prog./Erase Verify Current 


ViLC Input Low Level CMOS 


30 
30 
+10 
100 
50 
| 30 
5 


3 
> 


Vpp = VppH, Program or 
Erase Verify in Progress 


< 


lo. = 5.8mA, Voc = 4.5V 


lon = —2.5mA, Vcc = 4.5V 
loH = —400uA, Voc = 4.5V 
Ag = Vip 
Ag = Vip 
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Preliminary | CAT28F202 


SUPPLY CHARACTERISTICS 


Parameter 


Vpp During Read Operations i ae 
Vpp During Read/Erase/Program 


A.C. CHARACTERISTICS, Read Operation 
Vcc = +5V +10%, unless otherwise specified 


Standard 
somes |syent| ramen 
toH 
) 
(2) 



















Ht 
on 
S 
NO 
3/5/% 
ClF ip 
© 
~ 
NO 
i] 


— | ok 
NO] PM 
oO} © 











Two | ton | Output tod rom Address OEICE Change 
Tomei [= | Wie Recovery Tine Belore Read 





Si ® Ol 
oO}; oO oe) 





Figure 1. A.C. Testing Input/Output Waveform(S)(4)(5) 


2.4V 
2.0V 


INPUT PULSE LEVELS REFERENCE POINTS 


BV 
0.45 V 2 


5108 FHD F03 


Figure 2. A.C. Testing Load Circuit (example) 1.3V 


1N914 









DEVICE 
UNDER 
TEST 






C, = 100 pF 


au C, INCLUDES JIG CAPACITANCE heat 


(1) This parameter is tested initially and after a design or process change that affects the parameter. 

(2) Output floating (High-Z) is defined as the state where the external data line is no longer driven by the output buffer. 
(3) Input Rise and Fall Times (10% to 90%) < 10 ns. . 
(4) Input Pulse Levels = 0.45V and 2.4V. 

(5) Input and Output Timing Reference = 0.8V and 2.0V. 

(6) Low-Z is defined as the state where the external data may be driven by the output buffer but may not be valid. 
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A.C. CHARACTERISTICS, Program/Erase Operation 
Voc = +5V +10%, unless otherwise specified. 


Standard 
Symbol Parameter 


twe Write Cycle Time = 












N 
© 
"l 
Nn 
=) 
» 
aa 
oi 
i 
0 
"Ti 
Nn 
=) 
~ 
® 
° 


Address Setup Time 
Address Hold Time _ 
Data Setup Time 


oS 
= 
x 


tcs CE Setup Time 
HtwHeH | tox | CE Hold Time — 
twe | WE Pulse Width Dns 


E High Pulse Width 
Program Pulse Width 
Erase Pulse Width 
Write Recovery Time Before Read 
Read Recovery Time Before Write 
Vep Setup Time to CE 


a pA ND 
oO o|o o 
ak =a/ Bp on 


vom 
oO 
io) 
—_h, 
=) 
io) 








ERASE AND PROGRAMMING PERFORMANCE(!) 


Chip Erase Time()6) 
Chip Program Time®)(4) 


Note: 

(1) Please refer to Supply characteristics for the value of Vpp} and Vpp,. The Vpp supply can be either hardwired or switched. If Vpp is switched, 
Vpp. can be ground, less than Vcc + 2.0V or a no connect with a resistor tied to ground. 

(2) Program and Erase operations are controlled by internal stop timers. 

(3) ‘Typicals’ are not guaranteed, but based on characterization data. Data taken at 25°C, 12.0V Vpp. 

(4) Minimum byte programming time (excluding system overhead) is 16 us (10 ps program + 6 us write recovery), while maximum is 400 ps/ 
byte (16 ps x 25 loops). Max chip programming time is specified lower than the worst case allowed by the programming algorithm since 
most bytes program significantly faster than the worst case byte. 

(5) Excludes 00H Programming prior to Erasure. 
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FUNCTION TABLE() 


ee ee 

Ver [0 
Tver [Bor [ 
x [az 


Vpp 
X 
vex | Hohz | 
Vern _[ Dn | See Command Tae 
Vern [Dn | Dung wite Cyole 










C We 
X 








WRITE COMMAND TABLE 
Commands are written into the command register in one or two write cycles. The command register can be altered 

only when Vpp is high and the instruction byte is latched on the rising edge of WE. Write cycles also internally latch 
addresses and data required for programming and erase operations. 


Set Read 


Read Sig. (MFG) 
Read Sig. (Device) 


00H 


XXFFH 





Note: 
(1) Logic Levels: X = Logic ‘Do not care’ (Vi, Vit, VppL, VppH) 
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CAT28F202 


READ OPERATIONS - 


Read Mode 


_ ARead operation is performed with both CE and OE low 
and with WE high. Vpp can be either high or low, 
however, if Vep is high, the Set READ command has to 
be sent before reading data (see Write Operations). The 
data retrieved from the I/O pins reflects the contents of 
~ the memory location corresponding to the state of the 16 
address pins. The respective timing waveforms for the 
read operation are shown in Figure 3. Refer to the AC 
Read characteristics for specific timing parameters. _ 


Signature Mode 


The signature mode allows the user to identify the IC 
manufacturer and the type of device while the device 
resides in the target system. This mode can be activated 
in either of two ways; through the conventional method 
of applying a high voltage (12V) to address pin Ag or by 
sending an instruction to the command register (see 
Write Operations). 


Preliminary 


The conventional mode is entered as a regular READ 
mode by driving the CE and OE pins low (with WE high), 
and applying the required high voltage on address pin Ag 

while all other address lines are held at Vi. 7 


A Read cycle from address OOOOH retrieves the binary 
code for the IC manufacturer on outputs I/Opo to I/O15: 


CATALYST Code = 0000 0000 0011 0001 (0031H) 


A Read cycle from address 0001H retrieves the binary 
code for the device on outputs I/Op to 1/015. 


28F202 Code = 0000 0000 0101 0010 (0052H) 


Standby Mode 


With CE ata logic-high level, the CAT28F202 is placed 
in a standby mode where most of the device circuitry is 
disabled, thereby substantially reducing power con- 
sumption. The outputs are placed in a high-impedance 
state. 


Figure 3. A.C. Timing for Read Operation 


STANDBY POWER DOWN 


POWER UP STANDBY DEVICE AND OUPUTS DATA VALID 
ADDRESS SELECTION ENABLED | | 
appresses XXXXKXXXMKAXY ADDRESS STABLE DOAK 
tavav (tro) 


teHazt(pF) 


“ | 





OE (G) | ) 
WE (W) 3 tetav (og) 
area tayled 
teLax (toLz) | 
si ad —— a(((((((({ OUTPUT VALID yy) eld 


tavav ‘tacc) 


28F100 FOS 
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Preliminary 


WRITE OPERATIONS 


The following operations are initiated by observing the 
sequence specified in the Write Command Table. 


Read Mode 


The device can be put into a standard READ mode by 
initiating a write cycle with XXOOH on the data bus. The 
subsequent read cycles will be performed similar to a 
standard EPROM or E?PROM Read. 


Signature Mode 


An alternative method for reading device signature (see 
Read Operations Signature Mode), is initiated by writing 
the code XX90H into the command register while keep- 
ing Vpp high. A read cycle from address 0000H with CE 
~ and OE low (and WE high) will output the device signa- 
ture. 


CATALYST Code = 0000 0000 0011 0001 (0031H) 


Figure 4. A.C. Timing for Erase Operation 


Voc POWER-UP SETUP ERASE ERASE ERASING 
& STANDBY COMMAND COMMAND 
appresses XXX MX KX A aOR 
two two 
tas 
CE (E) 
tcs tCH 
CH tcs 
ae / Tf 
| | tGHWL C 
t 
— WPH ed 
WE (W) 
mal 


‘wp 


HIGH-Z 
DATA IN DATA IN 
DATA (I/O) . = XX20H # 4 =XX20H # 


Voc 5.0V, 


oe tVPEL 
V 
Vpp PPH 


VPPL 
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CAT28F202 


A Read cycle from address 0001H retrieves the binary 
code for the device on outputs I/Oo to 1/O7. 


28F202 Code = 0000 0000 0101 0010 (0052H) 


Erase Mode 


During the first Write cycle, the command XX20H is 
written into the command register. In order to commence 
the erase operation, the identical command of XX20H 
has to be written again into the register. This two-step 
process ensures against accidental erasure of the 
memory contents. The final erase cycle will be stopped 
at the rising edge of WE, at which time the Erase Verify 
command (XXAOH) is sent to the command register. 
During this cycle, the address to be verified is sent to the 
address bus and latched when WE goes low. An inte- 
grated stop timer allows for automatic timing control over 
this operation, eliminating the need for a maximum 
erase timing specification. Refer to AC Characteristics 
(Program/Erase) for specific timing parameters. 


ERASE VERIFY ERASE Voc POWER-DOWN/ 
COMMAND VERIFICATION - STANDBY 


DOA AAA 
t 


twe RC 








‘we 


Ips 


{ DATAIN 
= XXAOH 


28F100 F06 


CAT28F202 a Preliminary 


OPERATION| COMMAND COMMENTS 


Vpp RAMPS TO Vppy 





Figure 5. Chip Erase Algorithm(1) 


START ERASURE 
APPLY Vppyj 




















(OR Vpp HARDWIRED) 
ROGRAM AL ALL BYTES SHALL BE 
PROGRAM ALL 
BYTES TO 0000H STANDBY PROGRAMMED TO 00 
sala BEFORE AN ERASE 


OPERATION 
INITIALIZE 
ADDRESS 
INITIALIZE 

PLSCNT = 0 
WRITE ERASE 
SETUP COMMAND 
WRITE ERASE 
COMMAND 
|} TIME OUT 10ms 


INITIALIZE ADDRESS 


PLSCNT = PULSE COUNT 


DATA = XX20H 









DATA = XX20H 


WAIT 





















WRITE ERASE BAASE fee te ge 
ae VERIFY | STOPS ERASE OPERATION 


TIME OUT 6yus 


INCREMENT 
ADDRESS 
READ DATA 
FROM DEVICE 





READ BYTE TO 
VERIFY ERASURE 


COMPARE OUTPUT TO FF 
INCREMENT PULSE COUNT 


STANDBY 





YES 
LAST 
ADDRESS? 

YES . 
WRITE READ 
COMMAND 
ERASURE ERASE 
COMPLETED ERROR 


Note: . 28F 101-07 
(1) The algorithm MUST BE FOLLOWED to ensure proper and reliable operation of the device. 





DATA = 0000H 
RESETS THE REGISTER 
FOR READ OPERATION 






Vpp RAMPS TO Vpp)_ 
(OR Vpp HARDWIRED) 





STANDBY 
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Erase-Verify Mode 


The Erase-verify operation is performed on every byte 
after each erase pulse to verify that the bits have been 
erased. 


Programming Mode 


The programming operation is initiated using the pro- 
gramming algorithm of Figure 7. During the first write 
cycle, the command XX40OH is written into the command 
register. During the second write cycle, the address of 
the memory location to be programmedzd is latched on the 
falling edge of WE, while the data is latched on the rising 
edge of WE. The program operation terminates with the 
next rising edge of WE. An integrated stop timer allows 
for automatic timing control over this operation, eliminat- 
ing the need for a maximum program timing specifica- 
tion. Refer to AC Characteristics (Program/Erase) for 
specific timing parameters. 


Program-Verify Mode 


A Program-verify cycle is performed to ensure that all 
bits have been correctly programmed following each 
byte programming operation. The specific address is 
already latched from the write cycle just completed, and 
stays latched until the verify is completed. The Program- 
verify operation is initiated by writing XXCOH into the 
command register. An internal reference generates the 
necessary high voltages so that the user does not need 
to modify Vcc. Refer to AC Characteristics (Program/ 
Erase) for specific timing parameters. 





Figure 6. A.C. Timing for Programming Operation 


Voc POWER-UP SETUP PROGRAM LATCH ADDRESS 


PROGRAM PROGRAM Voc POWER-DOWN/ 





& STANDBY COMMAND & DATA VERIFY VERIFICATION STANDBY 
PROGRAMMING COMMAND 
appresses XXXXMXXKXAA ——_ DORR RS RO OX 
two two RC 
‘as tAH 
CE (E) 
'CH 
ae / 
'GHWL ki 
— 'WPH aes 
WE (W) 
lies 
Veo ©0V, 
ey tVPEL 
Vpp YPPH 
VERE. 
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Figure 7. Programming Algorithm() | 





















INCREMENT 
ADDRESS 


Note: 


START 
PROGRAMMING 


APPLY Vppy 


INITIALIZE 
ADDRESS 


H 


PLSCNT = 0 


WRITE SETUP 
PROG. COMMAND | 


WRITE PROG. CMD 
ADDR AND DATA 


TIME OUT 10yus 


WRITE PROGRAM 
VERIFY COMMAND 


TIME OUT 6ps 





~~ READ DATA 
FROM DEVICE 
NO 
VERIFY — 
DATA ? 
YES YES 






LAST 
ADDRESS? 


YES 
WRITE READ 
COMMAND | 
APPLY Vpp, | APPLY Vpp,_ 


PROGRAMMING PROGRAM 
COMPLETED ERROR 





Preliminary — 


BUS | 
OPERATION | COMMAND COMMENTS 


etainay: Vpp RAMPS TO Vppyy 
(OR Vpp HARDWIRED) 
INITIALIZE ADDRESS 
INITIALIZE PULSE COUNT 
PLSCNT = PULSE COUNT 
1ST WRITE sie 
Ge DATA = XX40H 
2ND WRITE 
CYCLE | PROGRAM | VALID ADDRESS AND DATA 





1ST WRITE | PROGRAM 


CYCLE VERIFY DATA = XXCOH 
READ BYTE TO VERIFY 
baie PROGRAMMING 
COMPARE DATA OUTPUT 
aac TO DATA EXPECTED 
DATA = XX00H 
1S] ae SETS THE REGISTER FOR 
ely READ OPERATION 
STANDBY Vpp RAMPS TO VPPL 


(OR Vpp HARDWIRED) 


(1) The algorithm MUST BE FOLLOWED to ensure proper and reliable operation of the device. 
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Abort/Reset POWER SUPPLY DECOUPLING 


An Abort/Reset command is available to allow the user 
to safely abort an erase or program sequence. Two 
consecutive program cycles with XXFFH on the data 
bus will abort an erase or a program operation. The | 
abort/reset operation can interrupt at any time in a 
program or erase operation and the device is reset to the 
Read Mode. 


POWER UP/DOWN PROTECTION DATA PROTECTION 


The CAT28F202 offers protection against inadvertent 1. Power Supply Voltage 
programming during Vpp and Vcc power transitions. 
When powering up the device there is no power-on 
sequencing necessary. In other words, Vpp and Vcc 
may power up in any order. Additionally Vpp may be 2. Write Inhibit 
hardwired to VppH independent of the state of Vcc and 


To reduce the effect of transient power supply voltage 
spikes, it is good practice to use a 0.1uF ceramic 
Capacitor between Vcc and Vss and Vpp and Vss. These 
high-frequency capacitors should be placed as close as 
possible to the device for optimum decoupling. 


When the power supply voltage (Vcc) is less than 2.5V, 
the device ignores WE signal. 


any power up/down cycling. The internal command When CE and OE are terminated to the low level, Write 
register of the CAT28F202 is reset to the Read Mode on Mode is not set. 
power up. 


Figure 8. Alternate A.C. Timing for Program Operation 





Voc POWER-UP SETUP PROGRAM LATCH ADDRESS PROGRAM PROGRAM Voc POWER:DOWN/ 
& STANDBY COMMAND & DATA VERIFY VERIFICATION == STANDBY 
PROGRAMMING COMMAND 


appresses XX XMAS XY) RA AY 
t 





twe twe RC 
tAVEL tELAX 
WE (E) | 
Bae —>| e— tEHWH 
tWLEL tEHWH tEHQZ 
tEHWH tWLEL a 
ot - ‘i 
. TGHEL 'EHEH tEHGL toF 
‘EHEL + a x 
CE (W) : 
rae tELEH fELEH are toe 
tEHDX tEHDX toOH 
tDVEH IDVEH toLz a i 
HIGH-Z | mp im 
DATA IN DATA IN , 
ale cia 4 =Xx40H_ #—4_DATAIN k= XXCOH Ff « Y 
VALID 
hz DATA OUT 
CE 7 
OV 
Voc &° 
oy 'VPEL 
V 
Vpp YPPH 
VPPL 
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ALTERNATE CE-CONTROLLED WRITES 


EDEC #/|Standard 
Symbol Parameter 

| two | WriteCycleTime | 120] | 180 |_| 200 
| tos | DataSetupTime 
eae 
ae 


= [Vor Seup Tineto7Etaw ———*(dt0 


so=/p7p/ ap 
ol1o!lo 


—;} &) 
oO;O|] ©& 





ck 
mo] > 
© 





ORDERING INFORMATION 


| Prefix | Device # | Suffix | _ s | 


CAT — 28F202 N | | -12 TE7 


















Tape & Reel 
TE7: 500/Reel! 
TE13: 2000/Reel 


Temperature Range 
Blank = Commercial (0°C to +70°C) 
| = Industrial (-40°C to +85°C) 









Optional 


Package 
Company I.D. 


N: PLCC 


Speed 
12: 120ns 
15: 150ns 
20: 200ns 


P: PDIP 
T: TSOP 
TR: TSOP (Reverse Pinout) 





Note: 
(1) The device used in the above example is a CAT28F202NI-12TE7 (PLCC, Industrial Temperature, 120 ns access time, Tape & Reel). 
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CAT28F001 


1 Megabit CMOS Boot Block Flash Memory 


MNCATAEYST 





FEATURES 


m Fast Read Access Time: 90/120/150 ns_ 
m On-Chip Address, Data Latches, Programming 
and Erase Algorithms 
m Blocked Architecture: 
— One 8 KB Boot Block w/ Lock Out 
— Two 4 KB Parameter Blocks 
— One 112 KB Main Block 
m™ Low Power CMOS Operation 
@ 12.0V + 5% Programming and Erase Voltage 
m@ Embedded Algorithms Program & Erase 
m High Speed Programming 


DESCRIPTION 


The CAT28F001 is a high speed 128K X 8 bit electrically 
erasable and reprogrammable Flash memory ideally 
suited for applications requiring in-system or after sale 
code updates. 


The CAT28F001 has a blocked architecture with one 8 
KB Boot Block, two 4 KB Parameter Blocks and one 112 
KB Main Block. The Boot Block section optionally can be 
at the top or bottom of the memory map and includes a 
reprogramming write lock out feature to guarantee data 
integrity. It is designed to contain secure code which will 
bring up the system minimally and download code to 
other locations of CAT28F001. 


BLOCK DIAGRAM» 







ADDRESS 
COUNTER 










bed 


| —— 
Site 
REGISTER 


| 3 
uv 


WE 


male 
Mir 






Ao-Ai6 


ADDRESS LATCH 





VOLTAGE VERIFY 
SWITCH 
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ERASE VOLTAGE 
SWITCH 
PROGRAM VOLTAGE 
SWITCH 


rs 


bf DECODER 


X-DECODER [_)14K-BYTE PARAMETER BLOCK 






m Deep Powerdown Mode 
— 0.05 A |... Typical 
— 0.8 LA |., Typical 
m@ Electronic Signature 
m 100,000 Program/Erase Cycles and 10 Year 
Data Retention 
m JEDEC Standard Pinouts: 
— 32 pin DIP 
— 32 pin PLCC 
— 32 pin TSOP 
= Commercial and Industrial Temperature Ranges 


The CAT28F001 is designed with a signature mode 
which allows the user to identify the IC manufacturer and 
device type. The CAT28F001 is also designed with on- 
Chip Address Latches, Data Latches, Programming and 
Erase Algorithms. 


The CAT28F001 is manufactured using Catalyst’s ad- 
vanced CMOS floating gate technology. It is designed 
to endure 100,000 program/erase cycles and has a data 
retention of 10 years. The device is available in JEDEC 
approved 32-pin PDIP, PLCC or TSOP packages. 







//O BUFFERS 


STATUS 
REGISTER 
DATA SENSE 
LATCH AMP. 












Bie OE LOGIC 


Y-GATING 






8K-BYTE BOOT BLOCK 
hese PARAMETER BLOCK 
112K-BYTE MAIN BLOCK 


28F001 FO1 


Characteristics subject to change without notice 





CAT28F001 
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CAT28F002 


2 Megabit CMOS Boot Block Flash Memory 


FEATURES 


m Fast Read Access Time: 120/150/200 ns 
m@ On-Chip Address, Data Latches, Programming 
and Erase Algorithms 
‘Blocked Architecture: 
— One 16 KB Boot Block 
— Two 8 KB Parameter Blocks 
— One 96 KB Main Block 
— One 128 KB Main Block 
m Low Power CMOS Operation 
m 12.0V +5% Programming and Erase Voltage 


DESCRIPTION 


The CAT28F002 is a high speed 256K X 8-bit electrically 
erasable and reprogrammable Flash memory ideally 

suited for applications requiring in-system or after sale 
code updates. 


The CAT28F002 has a blocked architecture with one 16 
KB Boot Block, two 8 KB Parameter Blocks, one 96 KB 
Main Block and one 128 KB Main Block. The Boot Block 
section optionally can be at the top or bottom of the 
memory map. The Boot Block section includes a repro- 
gramming write lock out feature to guarantee data 
integrity. Itis designed to contain secure code which will 
bring up the system minimally and download code to 
other locations of CAT28F002. 


BLOCK DIAGRAM — 


ADDRESS 
COUNTER 







a] 
ALGORITHMS i 
COMMAND 
REGISTER 





Ag-A17 


ADDRESS LATCH 





VOLTAGE VERIFY 
SWITCH 
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ERASE VOLTAGE 
SWITCH 
PROGRAM VOLTAGE 
SWITCH 


Y-DECODER 


X-DECODER 


I] CATALYST 


SEMI CON ODUCTAR 


@ Electronic Signature 
m 100,000 Program/Erase Cycles and 10 Year 
Data Retention 
m JEDEC Standard Pinouts: 
— 32-pin DIP 
— 32-pin PLCC 
— 32-pin TSOP 
— 40-pin TSOP, 44-pin PSOP 
m@ High Speed Programming 
m= Commercial and Industrial Temperature Ranges 


The CAT28F002 is designed with a signature mode 
which allows the user to identify the IC manufacturer and 
device type. The CAT28F002 is also designed with on- 
Chip Address Latches, Data Latches, Programming and 
Erase Algorithms. 


The CAT28F002 is manufactured using Catalyst’s ad- 
vanced CMOS floating gate technology. It is designed 
to endure 100,000 program/erase cycles and has a data 
retention of 10 years. The device is available in JEDEC 
approved 32-pin PDIP, PLCC or TSOP packages, 40- 
pin TSOP packages and 44-pin PSOP packages. 










I/O BUFFERS 


STATUS 
REGISTER 
DATA SENSE 
LATCH AMP. 
















CE, OE LOGIC 









Y-GATING 


16K-BYTE BOOT BLOCK 
a: BYTE PARAMETER BLOCK 
_- BYTE PARAMETER BLOCK 
96K-BYTE MAIN BLOCK 
128K-BYTE MAIN BLOCK 





28F002 FO1 


Characteristics subject to change without notice 
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IN| CATALYST 


Product Information 
I?C Bus Serial E7PROMs 
Microwire Bus Serial E7PROMs 
SPI Bus Serial E27PROMs 
Secure Access Serial E7PROMs 
NVRAMs 
Flash Memories 

Parallel E7-PROMs 
Mixed Signal Products 
Application Notes 

Quality and Reliability 
Die Products 


General Information 
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Section 8 Parallel E7PROMs 
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CAT28C16A 


16K-Bit CMOS E?PROM 


FEATURES 


m@ Fast Read Access Times: 200 ns 


m@ Low Power CMOS Dissipation: 
—Active: 25 mA Max. 
—-Standby: 100 LA Max. 


m= Simple Write Operation: 
—On-Chip Address and Data Latches 
—Self-Timed Write Cycle with Auto-Clear 


m@ Fast Write Cycle Time: 10ms Max 


DESCRIPTION 


The CAT28C16A is a fast, low power, 5V-only CMOS 
E?PROM organized as 2K x 8-bits. It requires a simple 
interface for in-system programming. On-chip address 
and data latches, self-timed write cycle with auto-clear 
and Vcc power up/down write protection eliminate addi- 
tional timing and protection hardware. DATA Polling 
signals the start and end of the self-timed write cycle. 
Additionally, the CAT28C16A features hardware write 
protection. 





BLOCK DIAGRAM 


Ag-A10 


ADDR. BUFFER 
& LATCHES 


INADVERTENT 


Voc WRITE 
PROTECTION 


ae = 
OE CONTROL 
WE LOGIC 


TIMER 
ADDR. BUFFER 
& LATCHES 





Ag-A3 
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HIGH VOLTAGE 
GENERATOR 


DATA POLLING 
COLUMN. 
DECODER 


PI CATALYST 


MI CQONOUCTOR 


m End of Write Detection: DATA Polling 

m Hardware Write Protection 

m@ CMOS and TTL Compatible /O 

m 10,000 Program/Erase Cycles 

w 10 Year Data Retention 

m= Commercial and Industrial Temperature Ranges 


The CAT28C16A is manufactured using Catalyst’s ad- 
vanced CMOS floating gate technology. It is designed to 
endure 10,000 program/erase cycles and has a data 
retention of 10 years. The device is available in JEDEC 
approved 24-pin DIP and SOIC or 32-pin PLCC pack- 
ages. 


ROW 2.048x8 
DECODER E2PROM : 
ARRAY. 






/O BUFFERS 


\eniniininney eeeeneneeeent 
VOo-VO7 


5089 FHD F02 


Characteristics subject to change without notice 


CAT28C16A 


PIN CONFIGURATION 





DIP Package (P) SOIC Package (J,K) PLCC Package (N) 
Vcc Vcc 
Ag Ag 
Ag Ag 
WE WE Ag 
OE OE Ag 
A1i0 A10 NC 
CE CE NC 
VO7 VO7 TOP VIEW 25/7] OE 
Og 1/06 A10 
Os VOs CE 
04 04 /O7 
1/03 /03 Og 
RRETREAZe PARE 
PIN FUNCTIONS SOSBLECS 


5089 FHD F041 














Address Inputs 


/Oo-1/07 Data Inputs/Outputs 
Chip Enable 






5V Supply 


MODE SELECTION 


Byte Write (WE Controlled) 


Byte Write (CE Controlled) 
Standby, and Write Inhibit 
Read and Write Inhibit 





CAPACITANCE Ta = 25°C, f = 1.0 MHz, Vcc = 5V 








Note: 
(1) This parameter is tested initially and after a design or process change that affects the parameter. 
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CAT28C16A 


ABSOLUTE MAXIMUM RATINGS* *COMMENT 


Temperature Under Bias................... —55°C to +125°C Stresses above those listed under “Absolute Maximum 
Storage Temperature .............cccccce —65°C to +150°C Ratings” may cause permanent damage to the device. 
These are stress ratings only, and functional operation 
Voltage on Any Pin with of the device at these or any other conditions outside of 
Respect to Ground®) ........... —2.0V to +Vcc + 2.0V those listed in the operational sections of this specifica- 
Vcc with Respect to Ground ............... ~2.0V to +7.0V tion is not implied. Exposure to any absolute maximum 
Package Power Dissipation rating for extended periods may affect device perfor- 
Capability (Ta = 25°C) .oo.cesecssssestseseeeeeeee: 1.0W mance and reliability. 
Lead Soldering Temperature (10 secs) ............ 300°C 
Output Short Circuit Current®) ooo. 100 mA 


RELIABILITY CHARACTERISTICS 


10,000 | —| Cycles/Byte| _ MIL-STD-883, Test Method 1033 
Data Retention | 40 | | Years |  MIL-STD-883, Test Method 1008 
ESD Susceptibility 2000 | ——*'|_—s Volts-«|~—s MIL-STD-883, Test Method 3015 
IetH((4) | Latch-Up | 100 | = | mA | JEDEC Standard 17 


D.C. OPERATING CHARACTERISTICS 
Test Conditions 


Voc = 5V +10%, unless otherwise specified. 
CE OE = VIL, 


Symbol i) eee 
Icc Vcc Current (Operating, TTL) = 
1/trRc min, All 1/O’s Open 
Voc Current (Operating, CMOS) - CE = OE = Vito, 
















ryp. [Max 


35 


100 uA | CE=Vinc, 
All |/O’s Open 


Vin = GND to Vcc 


Vout = GND to Vec, 
E=Vin 


lou = 400A . 


lo. = 2.1mA 
Note: 
(1) This parameter is tested initially and after a design or process change that affects the parameter. 


(2) The minimum DC input voltage is —-0.5V. During transitions, inputs may undershoot to —2.0V for periods of less than 20 ns. Maximum DC 
voltage on output pins is Voc +0.5V, which may overshoot to Vcc +2.0V for periods of less than 20 ns. 

(3) Output shorted for no more than one second. No more than one output shorted at a time. 

(4) Latch-up protection is provided for stresses up to 100mA on address and data pins from —-1V to Vcc +1V. 

(5) Vitc = —0.3V to +0.3V. 

(6) Vinc = Vcc —0.3V to Vcc +0.3V. 























O 
| 


f=1 


=“ 


trac min, All I/O’s Open 
Voc Current (Standby, TTL) 


Voc Current (Standby, CMOS) 


Ss 
IL Input Leakage Current —1 
IL 


| Output Leakage Current —10 


B 
) 
| 

O 
Vin) High Level Input Voltage 
Low Level Input Voltage 
H 
L 
| 


= 
> 
a 
H 
s 
= 
> 
= 
OQ 
o 
O 
aS) 
® 
5 


E 
> 


e 
Ele 3 3 


High Level Output Voltage 
Low Level Output Voltage Ld 





CAT28C16A 


A.C. CHARACTERISTICS, Read Cycle 
Voc = 5V 10%, unless otherwise specified. 


| | | | 28016A-20 
: Parameter Units 















Pain. | Max 
Tic | ReadGyoetime SSCS*~C~S~S~S~Ss | 
ce | CEAccesstime SSSOSC~—~—~—~—SsSSSC*dS Ce 
Tum] Aress ess Tine ———SSSCS~S~S~sSS*dt Ca 
oe | OE AcceseTime ———SSSS~SC~S~STS*dS 
us| Ce ow toAcweoupe ———SSSCS~—~S~—~sS~ 
oz | CEtowtoAcive Ouwe ——SSSCS~S~S~s | 
wii | CEHonwHienZoupw ———SSCS~S~sSSC*dSC 
[ton | Ouput Hotton Adress Grange ——SSS~S~SCY 


Figure 1. A.C. Testing Input/Output Waveform(3) 


AV 
. 2.0V 
INPUT PULSE LEVELS | REFERENCE POINTS 
0.45 V =—S 
5089 FHD F03 
Figure 2. A.C. Testing Load Circuit (example) 
3 1.3V 
1N914 
3.3K 
DEVICE 
UNDER © OUT 
TEST 
CL = 100 pF 





ae 


C, INCLUDES JIG CAPACITANCE 


5089 FHD F04 


Note: . 

(1) This parameter is tested initially and after a design or process change that affects the parameter. 

(2) Output floating (High-Z) is defined as the state when the external data line is no longer driven by the output buffer. 
(3) Input rise and fall times (10% and 90%) < 10 ns. 
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CAT28C16A 


A.C. CHARACTERISTICS, Write Cycle 
Vcc = 5V +10%, unless otherwise specified. 





Note: 
(1) This parameter is tested initially and after a design or process change that affects the parameter. 
(2) Awrite pulse of less than 20ns duration will not initiate a write cycle. 
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CAT28C16A 


DEVICE OPERATION | | 

low. The data bus is set to a high impedance state when 
Read either CE or OE goes high. This 2-line control architec- 
Data stored in the CAT28C16A is transferred to the data ture can be used to eliminate bus contention ina system 
bus when WE is held high, and both OE and CE are held environment. 


Figure 3. Read Cycle 





fe) @) 
m m 
ames eae 
es 
i 
il 
Eee. 


tOHZ 
toLz {OH | tHz 
oaTAOUT wane __f-Yfokravao KKXKY) 


TAA 


28C16A FO5 


8 Figure 4. Byte Write Cycle [WE Controlled] 


ADDRESS (1 XK AKA 


tas tAH 


ANU cs | = VLILLLLLLAL LLLLLLY 





QO} 
m 


* TTT AANAAANNAAADANUNNANNY 
We NNNNAUANRNNAN, 
DATA OUT Win == : ee 


- SXXXANK arate SAKA KRRKKRRRE)— 
ee . = 5089 FHD F06 
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Byte Write 


Awrite cycle is executed when both CE and WE are low, 
and OE is high. Write cycles can be initiated using either 
WE or CE, with the address input being latched on the 
falling edge of WE or CE, whichever occurs last. Data, 
conversely, is latched on the rising edge of WE or CE, 
whichever occurs first. Once initiated, a byte write cycle 
automatically erases the addressed byte and the new 
data is written within 10 ms. 


Figure 5. Byte Write Cycle [CE Controlled] 


HIGH-Z 


ADDRESS 
tas 
CE 
o S////LLf 
tOES 
tcs 
we \\\\\\) 
DATA OUT 
DATA IN 


tps 


Figure 6. DATA Polling 


KAMA ___DATAVALID. = KXXXXXKAXMK 
a 


CAT28C16A 


DATA Polling 


DATA polling is provided to indicate the completion of a 
byte write cycle. Once a byte write cycle is initiated, 
attempting to read the last byte written will output the 
complement of that data on 1/O7 (I/Oo—I/O¢ are indeter- 
minate) until the programming cycle is complete. Upon 
completion of the self-timed byte write cycle, all |/O’s will 
output true data during a read cycle. 


two 


ED (VN NNNNNNNNNNNNNNNN: 


tDL 


KAA 


Be AUUAANNUUUAT ANUUUUNNNY A 
MUNI 
nena ent 


tCH 


OXON — 


tDH 
5089 FHD F07 


mores XXXMXMAXK XXX 


CE 
WE 
tOEH toE 
. i. 
two 
1/07 Din = X 
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CAT28C16A 


HARDWARE DATA PROTECTION | teristics), provides a 5 to 20 ms delay before a.write 


The following is.a list of hardware data protection fea- sequence, after Vcc has reached 3.0V min. 
tures that are incorporated into the CAT28C16A. (3) Write inhibit is activated by holding any one of OE 


(1) Vcc sense provides for write protection when Vcc low, CE high or WE high. 
falls below 3.0V min. (4) Noise pulses of less than 20 ns on the WE or CE 
(2) Apower on delay mechanism, tint (see AC charac- inputs will not result in a write cycle. 


ORDERING INFORMATION 


Prefix Device # | Suffix 


CAT 28C16A N | | -20 TE7 


Optional 
Company ID 






Temperature Range 
Blank = Commercial (0°C to +70°C) 
1 = Industrial (-40°C to +85°C) 


Tape & Reel 





TE7: 500/Reel 
TE13: 2000/Reel 


Speed 
20: 200ns 





| Package 
P: PDIP 





_N: PLCC 
J: SOIC (JEDEC) 
K: SOIC (EIAJ) 


28C16A FOS 





Notes: 
(1) The device used in the above example is a CAT28C16ANI-20TE7 (PLCC, Industrial temperature, 200 ns Access Time, Tape & Reel). 
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SEMICONDUCTOR 


(CATALYST 
CAT28C17A 


16K-Bit CMOS E*PROM 


FEATURES 
m@ Fast Read Access Times: 200 ns @ End of Write Detection: 
m Low Power CMOS Dissipation: —-DATA Polling 

E _RDY/BUSY Pin 


—Active: 25 mA Max. 
~Standby: 100 WA Max. 
mg Simple Write Operation: 
~On-Chip Address and Data Latches 
~—Self-Timed Write Cycle with Auto-Clear 


m Fast Write Cycle Time: 10ms Max 


Hardware Write Protection 

CMOS and TTL Compatible I/O 

10,000 Program/Erase Cycles 

10 Year Data Retention 

m= Commercial and Industrial Temperature Ranges 


DESCRIPTION 


The CAT28C17A is a fast, low power, 5V-only CMOS The CAT28C17A is manufactured using Catalyst’s ad- 
E?PROM organized as 2K x 8-bits. It requires a simple vanced CMOS floating gate technology. It is designed to 


interface for in-system programming. On-chip address endure 10,000 program/erase cycles and has a data 
and data latches, self-timed write cycle with auto-clear retention of 10 years. The device is available in JEDEC 
and Vcc power up/down write protection eliminate approved 28-pin DIP and SOIC or 32-pin PLCC pack- 
additional timing and protection hardware. DATA Poll- ages. 








ing anda RDY/BUSY pin signal the start and end of the 
self-timed write cycle. Additionally, the CAT28C17A 
features hardware write protection. 






BLOCK DIAGRAM 
2,048 x 8 
Ag-A E2PROM 
4-10 DECODER 
& LATCHES ARRAY 
INADVERTENT HIGH VOLTAGE 
Voc WRITE GENERATOR 
PROTECTION 
CE ad 
OE CONTROL 
WE LOGIC 
ae VO BUFFERS 
DATA POLLING 
aINEP & RDY/BUSY 
VOo-V/07 
ADDR. BUFFER 
POs & LATCHES eee 
DECODER 
RDY/BUSY 
5091 FHD Fo2 
© 1996 by Catalyst Semiconductor, Inc. Characteristics subject to change without notice 
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CAT28C17A 


PIN CONFIGURATION | | 
DIP Package (P) SOIC Package (J,K) PLCC Package (N) 
RDY/BUSY Cet | 





[Voc RDY/BUSYC]e1 28 [Vcc 










NC 1 WE NC CJ WE 

A7 CI NC A7 (4 NC 

Ag CI Ag Ag (- Ag . 

As CJ Ag As [- Ag 

Ag NO Aa NC he 

A3 CF OE —A3T OE Ag 

Ao LI A10 Ao CA A10 NC 

Ay CE AyO] 9 CE NC 

Ao 1/07 Ao [4 /O7 OE 
Oo CI 1/06 VOo CF /O6 A10 
VO; CI /O5 VO4 Os CE 
Oo CI 1/04 Oo CF V/O4 V/O7 
Vss CO /03 Vss CA /03 


06 





PIN FUNCTIONS 


NC LJ 
03 
VO4 C4 
/O5 


/O4 
Oo (J 
Vss 





5091 FHD FO01 


Address Inputs 


Ready/BUSY Status 


MODE SELECTION 











= 
mi 







Input/Output Capacitance 
Input Capacitance 





Note: 


CAT28C17A 


ABSOLUTE MAXIMUM RATINGS* *COMMENT 
_ Temperature Under Bias................... —55°C to +125°C Stresses above those listed under “Absolute Maximum 
Storage Temperature 65°C to +150°C Ratings” may cause permanent damage to the device. 
nt baeeee ee These are stress ratings only, and functional operation 
Voltage on Any Pin with of the device at these or any other conditions outside of 
Respect to Ground ........... —2.0V to +Vcc + 2.0V those listed in the operational sections of this specifica- 
Vcc with Respect to Ground ..............- —2.0V to +7.0V tion is not implied. Exposure to any absolute maximum 
Package Power Dissipation _ rating for extended periods may affect device perfor- 
Capability (Ta = 25°C) .o...eeeceseseseceesesseseseees 1.0W mance and reliability. 
Lead Soldering Temperature (10 secs) ............ 300°C 
Output Short Circuit Current® oo 100 mA 


RELIABILITY CHARACTERISTICS 


10,000 | —| Cycles/Byte| _ MIL-STD-883, Test Method 1033 
Data Retention F 40 | | Years MIL-STD-883, Test Method 1008 




















ESD Susceptibility 2000 MIL-STD-883, Test Method 3015 
ILrH™(4) | Latch-Up JEDEC Standard 17 


D.C. OPERATING CHARACTERISTICS 
Voc = 5V +10%, unless otherwise specified. 


Symbol Parameter | Min. | 
Vcc Current (Operating, TTL) | 
Vcc Current (Operating, CMOS) = 









Test Conditions 


35 mA | CE=OE=Vi, 
f = 1/trc min, All 1/O’s Open 





25 mA CE = OE = VILC, 
f = 1/tac min, All 1/O’s Open 
Vcc Current (Standby, TTL) ; 


CE = Vin, All VO's Open 
Vcc Current (Standby, CMOS) 


ee — 
TT Bats 
All 
— 
—~ 
a 
se 
— 


CE = Vin 


nen 
os [v| 
es ee 
oa [vy | matin 


ll 1/O’s Open 
Output Leakage Current — 


| 

| Vi | High Level Input Voltage 
Low Level Input Voltage 
I 





) 
| 
O 
) 
(5) 
High Level Output Voltage : 
Low Level Output Voltage 

wi 


Write Inhibit Voltage 3.0 


Note: 

(1) This parameter is tested initially and after a design or process change that affects the parameter. 

(2) The minimum DC input voltage is —-0.5V. During transitions, inputs may undershoot to —2.0V for periods of less than 20 ns. Maximum DC 
voltage on output pins is Voc +0.5V, which may overshoot to Vcc +2.0V for periods of less than 20 ns. 

(3) Output shorted for no more than one second. No more than one output shorted at a time. 

(4) Latch-up protection is provided for stresses up to 100mA on address and data pins from —1V to Vcc +1V. 

(5) Vitc = —0.3V to +0.3V. 

(6) Vic = Vcc —0.3V to Voc +0.3V. 





ié) 
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CAT28C17A 


A.C. CHARACTERISTICS, Read Cycle _ 
Vcc = 5V +10%, unless otherwise specified. — 


Symbol 


CE Access Time 
taAA 
tLz 
) 





_ 
Tum | Adress AcceseTime ——SSSCSC~S~S~S 
toc | Of AccessTme —SSSSCSCSC~CS~Ss~S~w 
us [CE towoncweGupt ———SSSCS~S~ 
Toit) | GE Low toAcive Oupt ———SSSCSCS~“~S~S 
wii | CEAen toon ZOupe ———SSSCS~S~S~SSCS 

ht Hoh mae 





tonz@) | OE High to High-Z Output 
Output Hold from Address Change LOG 


Figure 1. A.C. Testing Input/Output Waveform(3) 


2.4V 
2.0V 


INPUT PULSE LEVELS REFERENCE POINTS 
0.45 V = 


8 | : . 5089 FHD F03 


Figure 2. A.C. Testing Load Circuit (example) 


1N914 


3.3K 


DEVICE 
UNDER 0 OUT 


TEST 





C, = 100 pF 


I 


C, INCLUDES JIG CAPACITANCE 


5089 FHD F04 


Note: 

(1) This parameter is tested initially and after a design or process change that affects the parameter. 

(2) Output floating (High-Z) is defined as the state when the external data line is no longer driven by the output buffer. 
(3) Input rise and fall times (10% and 90%) < 10 ns. ™ 
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CAT28C17A 


A.C. CHARACTERISTICS, Write Cycle 
Voc = 5V +10%, unless otherwise specified. 


“49s 
Symbol Parameter 


dG 6 Ee 
| tas | AddressSetuptime 0 ts 
| tn | AddressHold Time 0 is 
| tos | CESeuptime Os 
pton | CEHold Time its 
| tow?) | CEPuseTime | 8H Ys 
| toes | OESeuptime Ts 
| toe | OEHoldTime is 
150 | |e 
bee 8. | 
pf ns 
ae aoe 
| 20 | ms 
| 80 | ns | 












or; oO 


Tos | Dateseuptme —=—SSSC~—~*~S~S~S CO 
ton | DataHodtine ———SSSCSCSC~“~*~“~“~*~*~*~C 
tu | Datatacntine —SSCSCSC~S~S 
[ee | TimetoDeveosuy SSSSCS~S~SsS 


Note: 
(1) This parameter is tested initially and after a design or process change that affects the parameter. 
(2) Awrite pulse of less than 20ns duration will not initiate a write cycle. 
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CAT28C17A 


DEVICE OPERATION 
Read | 


Data stored in the CAT28C17A is transferred to the data 


bus when WE is held high, and both OE and CE are held 
low. The data bus is set to a high impedance state when 
either CE or OE goes high. This 2-line control architec- 
ture can be used to eliminate bus contention in a system 
environment. 


Figure 3. Read Cycle 


ADDRESS 


toLz 


DATA OUT ee 


Figure 4. Byte Write Cycle [WE Controlled] 


=e Tt |- 
= TTT 


DATAOUT (XXX XX 


DATA IN 


tps 


OOK AY 


tps 


- Ready/BUSY (RDY/BUSY) 
The RDY/BUSY pin is an open drain output which 


indicates device status during programming. It is pulled 
low during the write cycle and released at the end of 
programming. Several devices may be OR-tied to the 
same RDY/BUSY line. , | 





tOHZ 
tOH tHZ 


(Yfokravao KXKXEKomravano - 


) 
tAA 5089 FHD FOS 








“WITT 
AUNANNUUAAANANUAANNY 
~YSY 
os ae 


-_——————___—__—- 


tpL 


tDH 


SXXKKL Kona ao YX RRR KKK 
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Byte Write 


Awrite cycle is executed when both CE and WE are low, 
and OE is high. Write cycles can be initiated using either 
WE or CE, with the address input being latched on the 
falling edge of WE or CE, whichever occurs last. Data, 
conversely, is latched on the rising edge of WE or CE, 
whichever occurs first. Once initiated, a byte write cycle 
automatically erases the addressed byte and the new 
data is written within 10 ms. 


Figure 5. Byte Write Cycle [CE Controlled] 


ADDRESS 


tas 


0 S//////h 
toES 
tcs 
we \\\AAAA 
RDY/BUSY 
DATA OUT Hie 
DATA IN 


tps 


WLONLOON XXX 
OX) inn 


CAT28C17A 


DATA Polling 


DATA polling is provided to indicate the completion of a 
byte write cycle. Once a byte write cycle is initiated, 
attempting to read the last byte written will output the 
complement of that data on I/O7 (I/Oo—I/Og¢ are indeter- 
minate) until the programming cycle is complete. Upon 
completion of the self-timed byte write cycle, all |/O’s will 
output true data during a read cycle. 


twc 


KX 


tDL 


KAA 


Be AUANANNNNUYT Ty 
Ne 


tCH 


‘DB 


ar 


XK — 


tDH 
5091 FHD FO7 





Figure 6. DATA Polling 
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tOEH tOE 
* me. 
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1/07 DIN =X 
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CAT28C17A 


HARDWARE DATA PROTECTION 


The following is a list of hardware data protection fea- 
tures that are incorporated into the CAT28C17A. 


(1) Voc sense provides for write protection when Vcc 





falls below 3.0V min. 


(2) Apower on delay mechanism, tinit (See AC charac- 


ORDERING INFORMATION 


Prefix Device # 


CAT 28C17A N 










Product 
Number 


Optional 
Company ID 





Package 
P: PDIP 
N: PLCC 


Suffix 





Temperature Range 
Blank = Commercial (0°C to +70°C) 
| = Industrial (-40°C to +85°C) 


J: SOIC (JEDEC) 
K: SOIC (EIAJ) 


Notes: 


(1) 
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teristics), provides a 5 to 20 ms delay before a write 
~ gequence, after Vcc has reached 3.0V min. 


(3) Write inhibit is activated by holding any one of OE 
low, CE high or WE high. 


(4). Noise pulses of less than 20 ns on the WE or CE 
inputs will not result in a write cycle. 










Tape & Reel 


TE7: 500/Reel 
TE13: 2000/Reel 
















Speed 
20: 200ns 


a 





28017A FO9 


The device used in the above example is a CAT28C17ANI-20TE7 (PLCC, Industrial temperature, 200 ns Access Time, Tape & Reel). 


I||CATRLYST 


SEMI CONODUCTAR 


CAT28C64B 


64K-Bit CMOS E2PROM 


FEATURES 
m™ Fast Read Access Times: m Commerical and Industrial Temperature Ranges 
— 120/150/200ns | ™ Automatic Page Write Operation: 
m Low Power CMOS Dissipation: — 1 to 32 Bytes in 5ms 
~ Active: 25 mA Max. — Page Load Timer 
— Standby: 100 1A Max. m End of Write Detection: 
m= Simple Write Operation: — Toggle Bit 
~ On-Chip Address and Data Latches — DATA Polling 


— Self-Timed Write Cycle with Auto-Clear 


m Fast Write Cycle Time: 
— 5ms Max. (3ms available) 


m CMOS and TTL Compatible I/O 


m@ Hardware and Software Write Protection 
100,000 Program/Erase Cycles 
m™ 100 Year Data Retention 


DESCRIPTION 
The CAT28C64B is a fast, low power, 5V-only CMOS The CAT28C64B is manufactured using Catalyst’s ad- 


E°PROM organized as 8K x 8-bits. It requires a simple vanced CMOS floating gate technology. It is designed to 
interface for in-system programming. On-chip address endure 100,000 program/erase cycles and has a data 
and data latches, self-timed write cycle with auto-clear retention of 100 years. The device is available in JEDEC- 


and Vcc power up/down write protection eliminate addi- approved 28-pin DIP, TSOP and SOIC, or, 32-pin PLCC 
tional timing and protection hardware. DATA Polling and and TSOP packages. 

Toggle status bits signal the start and end of the self- 

timed write cycle. Additionally, the CAT28C64B features 

hardware and software write protection. 


BLOCK DIAGRAM 











Ac—-A 2 
512 DECODER E*PROM 
& LATCHES ARRAY 
INADVERTENT HIGH VOLTAGE — SVTEPIGE ° 
Voc WRITE GENERATOR Deere 
PROTECTION 
cE = 
OE CONTROL 
WE LOGIC 
ry /O BUFFERS 
DATA POLLING 
TIMER AND 
TOGGLE BIT VO-—-I/O 
0 7 
ADDR. BUFFER 
Ag-A4 & LATCHES COLUMN 
| DECODER 
5094 FHD F02 
© 1996 by Catalyst Semiconductor, Inc. Characteristics subject to change without notice 
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CAT28C64B — 


PIN CONFIGURATION PIN FUNCTIONS 


DIP Package (P) SOIC Package (J, K) |PinName | Function 
Voc Address Inputs — 
1/Oo—-l/O7 Data Inputs/Outputs 











WE 
NC 









AB CE Chip Enable 
Ag 

Any | Oe Output Enable 
OE WE | Write Enable 
Ai0 

cE —_ SV Supply 
06 

O04 
1/03 


TSOP Package (8mm x 14mm) (T14) 
TSOP Package (8mm x 20mm) (T) 





Ao TOP VIEW OE 
Ay | A10 
Ag CE 
Nc | 07 
Oo CI /Og 





5094 FHD F01 


TSOP Package (8mm x 13.4mm) (T13) 





28C64B FO3 
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CAT28C64B 


MODE SELECTION 

Bye Wite WEGontciog) || \ |W | ow | ACTWE 
Standby, and Write Inhibit High-Z 
Read and Write Inhibit High-Z ACTIVE 


Input/Output Capacitance 10 
Cin Input Capacitance 








ABSOLUTE MAXIMUM RATINGS* *COMMENT 

Temperature Under Bias.................. —55°C to +125°C Stresses above those listed under “Absolute Maximum 

Sigiaae Temperature 65°C to +150°C Ratings” may cause permanent damage to the device. 

g Sag These are stress ratings only, and functional operation 

Voltage on Any Pin with of the device at these or any other conditions outside of 
Respect to Ground®) ........... —2.0V to +Vcc + 2.0V those listed in the operational sections of this specifica- 

Vcc with Respect to Ground ..........0.. —2.0V to +7.0V tion is not implied. Exposure to any absolute maximum 

Package Power Dissipation rating for extended periods may affect device perfor- 
Capability (Ta = 25°C) ....ceccsccssesseseseeeeees veces 1.0W mance and reliability. 

Lead Soldering Temperature (10 secs) ............ 300°C 


Output Short Circuit Current®) oo... 100 mA 


RELIABILITY CHARACTERISTICS 


[Parameter [win — 









Cycles/Byte MIL-STD-883, Test Method 1033 
Years MIL-STD-883, Test Method 1008 






MIL-STD-883, Test Method 3015 
JEDEC Standard 17 








terH(1)4) 





~ Note: 

(1) This parameter is tested initially and after a design or process change that affects the parameter. ; 

(2) The minimum DC input voltage is —0.5V. During transitions, inputs may undershoot to —2.0V for periods of less than 20 ns. Maximum DC 
voltage on output pins is Voc +0.5V, which may overshoot to Vcc +2.0V for periods of less than 20 ns. 

(3) Output shorted for no more than one second. No more than one output shorted at a time. 

(4) Latch-up protection is provided for stresses up to 100mA on address and data pins from —1V to Voc +1V. 
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CAT28C64B 


D.C. OPERATING CHARACTERISTICS 
Vcc = 5V +10%, unless otherwise specified. 


net. end | ae ae Test Conditions 
loc Vcc Current (Operating, TTL) mA | CE=OE= VIL, 
f = 1/trc min, All 1/O’s Open 
looc™ Voc Current (Operating, CMOS) CE = OE = Vic, 
f = 1/tac min, All 1/O’s Open 


| Isa Vcc Current (Standby, TTL) a a tt CE = Vin, All 1/O’s Open 


Issc) |. Voc Current (Standby, CMOS) CE = Vine, | 
All 1/O’s Open 


a Input Leakage Current | 10 ot fe = |Vin=GNDtoVec | |Vin=GNDtoVec | to Vcc 


Output ee Current —10 Vout = GND to Vcc, 
CE=Vin | 


a ae 6 8 ara 
vu | towtevelinputvotage [sf | os |v | id 
Von | HightevelOutputvotase | 24 | | | V | tow=—4000A 
Cia [tvirtervone [foe fate 
[vw | Witeinnibitvorapes st es] | TV | 
Note: 


(1) Vitc = —-0.3V to +0.3V. 
(2) Virtic = Voc —0.3V to Voc +0.3V. 
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CAT28C64B 


A.C. CHARACTERISTICS, Read Cycle 
Vcc = 5V +10%, unless otherwise specified. 









Parameter _Min. | Max. | Min. | Max. | Min. | Max. ; 
[Tee [BE Asse Tne 
<a 
Tice BE secess tre 
CE Low to Active Output / oo | 
Tea OE tow to Ate Oupat [0 
Co 
a 
[aes 






tyz(2) | CE High to High-Z Output 
tonz()(2) | OE High to High-Z Output 
Output Hold from Address Change 


Figure 1. A.C. Testing Input/Output Waveform(3) 





2.4V 
2.0V 
INPUT PULSE LEVELS | REFERENCE POINTS 
0.45 V = 
5096 FHD F03 Ea 
Figure 2. A.C. Testing Load Circuit (example) 
1.3V 
1N914 
3.3K 
DEVICE 
UNDER 0 OUT 
TEST 
C, = 100 pF 





a 


C, INCLUDES JIG CAPACITANCE 


5096 FHD F04 


Note: 

(1) This parameter is tested initially and after a design or process change that affects the parameter. 

(2) Output floating (High-Z) is defined as the state when the external data line is no longer driven by the output buffer. 
(3) Input rise and fall times (10% and 90%) < 10 ns. 


8-21 


CAT28C64B 


A.C. CHARACTERISTICS, Write Cycle 


Voc = 5V £10%, unless otherwise specified. a \ 











vy Cs 
Te | WiteGyeeTine | 
Tus | Address SeupTine dt 
tw | Address HoTine ——_——_—+| 100 
: 






CEsewptme dt 

rn | CEoatime ————~SC«dt of 
en | CePusetime ————S«it wo | | | | ro 
toes | OEseuptme «ito | | 0 | 
SO 
wnt? | WEPusewah «it wo | | vo] | v0 
ios | Datseuntine +f o | | | || | mm 
ron | Daatowtine ito | | o{ [o| | 
wr? | Wie nib Perea AterPowerap | s | io] 5 | 0 | s | | me 


Note: 

(1) This parameter is tested initially and after a design or process change that affects the parameter. 

(2) Avwrite pulse of less than 20ns duration will not initiate a write cycle. a 

(3) A timer of duration ta_c max. begins with every LOW to HIGH transition of WE. If allowed to time out, a page or byte write will begin; _ 
however a transition from HIGH to LOW within tgic max. stops the timer. 
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DEVICE OPERATION 


Read 


Data stored in the CAT28C64B is transferred to the data 
bus when WE is held high, and both OE and CE are held 
low. The data bus is set to a high impedance state when 
either CE or OE goes high. This 2-line control architec- 
ture can be used to eliminate bus contention in a system 
environment. 


Figure 3. Read Cycle 


CAT28C64B 


Byte Write 


Awrite cycle is executed when both CE and WE are low, 
and OE is high. Write cycles can be initiated using either 
WE or CE, with the address input being latched on the 
falling edge of WE or CE, whichever occurs last. Data, 
conversely, is latched on the rising edge of WE or CE, 
whichever occurs first. Once initiated, a byte write cycle 
automatically erases the addressed byte and the new 
data is written within 5 ms. 


(CE | 
CE 
VIH nn | Se 
WE t 
E LZ | acs 
toLz tOH tHZ 
| eS 
DATA OUT ae 


Figure 4. Byte Write Cycle [WE Controlled] 


ADDRESS 


tas tAH 


= (i | 
TTT 


toES 


QO 
m 


O 
m 


VVVVVVVV7 
DATAOUT (A XX XX XX A 
DATA IN 


tps 


XK AA 


HIGH-Z 


OKXKKXK __baravatio—__ XXXXXXKXKKRKKXXKKXKKXY— 
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{Xyfoata vaio XKXXXK _daravanio 
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Page Write" 


_ The page write mode of the CAT28C64B (essentially an 
extended BYTE WRITE mode) allows from 1 to 32 bytes 
of data to be programmed within a single E7PROM write 
cycle. This effectively reduces the byte-write time by a 
factor of 32. 


Following an initial WRITE operation (WE pulsed low, for 
twp, and then high) the page write mode can begin by 
issuing sequential WE pulses, which load the address 
and data bytes into a 32 byte temporary buffer. The page 
address where data is to be written, specified by bits As 


to A12, is latched on the last falling edge of WE. Each 


byte within the page is defined by address bits Ao to Ag 


Figure 5. Byte Write Cycle [CE Controlled] 


ADDRESS 


tas 


 L////L/} 


we \\\A\\Y 


tOES 


HIGH-Z 


DATA OUT 


DATA IN 


tps 


Figure 6. Page Mode Write Cycle 


tCH 


(which can be loaded in any order) during the first and 
subsequent write cycles. Each successive byte load 
cycle must begin within taic max of the rising edge of the 
preceding WE pulse. There is no page write window 
limitation as long as WE is pulsed low within tic max. 


Upon completion of the page write sequence, WE must 
stay high a minimum of tsaic max for the internal auto- 
matic program cycle to commence. This programming 
cycle consists of an erase cycle, which erases any data 
that existed in each addressed cell, and a write cycle, 
which writes new data back into the cell. A page write will 
only write data to the locations that were addressed and 
will not rewrite the entire page. 


| twc 
CAA XXX AXA 
— OOOO 


'BLC 


NARA 


Be ANUAANNNANN ANNU A 
MUM 
ss sasoninctnion 


(XRRKXNK eran KKK TKK) — 


‘DH 5094 FHD F07 


NN 


. 2 twp tBLC an | 
WE 


vO 
BYTEO BYTE 1 


BYTE 2 






BYTE n BYTE n+1 BYTE n+2 
5096 FHD F10 


_ DATA Polling 


DATA polling is provided to indicate the completion of 
write cycle. Once a byte write or page write cycle is 
initiated, attempting to read the last byte written will 
output the complement of that data on 1/07 (I/Oo—l/Og 
are indeterminate) until the programming cycle is com- 
plete. Upon completion of the self-timed write cycle, all 
I/O’s will output true data during a read cycle. 


Figure 7. DATA Polling 


CAT28C64B 


Toggle Bit 


In addition to the DATA Polling feature, the device offers 
an additional method for determining the completion of 
a write cycle. While a write cycle is in progress, reading 
data from the device will result in |1/Og toggling between 
one and zero. However, once the write is complete, I/Og 
stops toggling and valid data can be read from the 
device. 





mnoness  XXMXXXXX XXX XO 


tOEH 


* _ 


Figure 8. Toggle Bit 


tOEH 
tOE 


1/06 (1) 


Note: 
(1) Beginning and ending state of I/Og is indeterminate. 


a, ae ee: ay 


tOE = 
two 
{ Dout =X 4 DouT =X aie 
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HARDWARE DATA PROTECTION 


The following is a list of hardware data protection fea- 
tures that are incorporated into the CAT28C64B. : 


(1) Voc sense provides for write protection when Vcc 
falls below 3.5V min. | 


(2) Apower on delay mechanism, tinrr (see AC charac- 
teristics), provides a 5 to 10 ms delay before a write 
sequence, after Vcc has reached 3.5V min. 


(3) Write inhibit is activated by holding any one of OE 
low, CE high or WE high. 


Figure 9. Write Sequence for Activating Software 
Data Protection 


WRITE DATA: AA 
ADDRESS: 1555 


WRITE DATA: 55 
ADDRESS: OAAA 


WRITE DATA: — AO 
ADDRESS: 1555 





SOFTWARE DATA (1) 
PROTECTION ACTIVATED 





WRITE DATA: XX 
TO ANY ADDRESS 


WRITE LAST BYTE 


TO 
LAST ADDRESS 
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Note: 


(4) Noise pulses of less than 20 ns on the WE or CE _ 
inputs will not result in a write cycle. 


SOFTWARE DATA PROTECTION 


The CAT28C64B features a software controlled data 
protection scheme which, once enabled, requires a data 
algorithm to be issued to the device before a write can be 
performed. The device is shipped from Catalyst with the 
software protection NOT ENABLED (the CAT28C64B is 

in the standard operating mode). | 


Figure 10. Write Sequence for Deactivating 
Software Data Protection 


WRITE DATA: AA 
ADDRESS: 1555 


WRITE DATA: 55 
ADDRESS: AAA 


WRITE DATA: 80 
ADDRESS: 1555 


WRITE DATA: = AA 
ADDRESS: = 1555 


WRITE DATA: 55 
ADDRESS: OAAA 


WRITE DATA: 20 
ADDRESS: 1555 


5094 FHD FO9 


(1) Write protection is activated at this point whether or not any more writes are completed. Writing to addresses must occur within tguc 


Max., after SDP activation. 


To activate the software data protection, the device must 
be sent three write commands to specific addresses with 
' specific data (Figure 9). This sequence of commands 
(along with subsequent writes) must adhere to the page 
write timing specifications (Figure 11). Once this is done, 
all subsequent byte or page writes to the device must be 
preceded by this same set of write commands. The data 
protection mechanism is activated until a deactivate 
sequence is issued regardless of power on/off transi- 
tions. This gives the user added inadvertent write pro- 
tection on power-up in addition to the hardware protec- 
tion provided. 


Figure 11. Software Data Protection Timing 









DATA AA 5 

_ ADDRESS 1555 OAAA 
CE 
ee) 
WE 


Figure 12. Resetting Software Data Protection Timing 





CAT28C64B 


To allow the user the ability to program the device with 
an E2PROM programmer (or for testing purposes) there 
is a software command sequence for deactivating the 
data protection. The six step algorithm (Figure 10) will 
reset the internal protection circuitry, and the device will 
return to standard operating mode (Figure 12 provides 
reset timing). After the sixth byte of this reset sequence 
has been issued, standard byte or page writing can 
commence. 






BYTE OR 
PAGE 


WRITES 
ENABLED 
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DATA AA 55 80 AA 55 20 two SDP 
ADDRESS 1555 OAAA 1555 1555 OAAA 1555 RESET 
CE 
DEVICE 
UNPROTECTED 
eT ame 
WE 
5094 FHD F14 
ORDERING INFORMATION 
Prefix | Device # Suffix 
CAT 28C64B H UF N | -20 TE7 
Write Cycle Time Temperature Range Tape & Reel 






Blank = Standard 
F = Fast (8ms Write 
Cycle Time) 





Product 
Number 


Endurance 
Blank = 10,000 Cycle 
H = 100,000 Cycle 





Package 
PDIP 


Optional 
Company 
ID 


N: PLCC 


Blank = Commercial (0°C to +70°C) 
| = Industrial (-40°C to +85°C) 





P: 
J: SOIC (JEDEC) 
K: SOIC (ElAJ) 


TE7: 500/Reel 
TE13: 2000/Ree! 


Speed 
12: 120ns 
15: 150ns 






20: 200ns 


Notes: 


(1) 





T: TSOP (8mmx20mm) 
T13: TSOP (8mmx13.4mm) 
T14: TSOP (8mmx14mm) 


28C64B F15 


The device used in the above example is a CAT28C64BHFNI-20TE7 (100,000 Cycle Endurance, 3ms Write Cycle Time, PLCC, 


Industrial temperature, 200 ns Access Time, Tape & Reel). 
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CAT28C65B 


64K-Bit CMOS E?PROM 


FEATURES 


m Fast Read Access Times: 
— 120/150/200ns 


m Low Power CMOS Dissipation: 
— Active: 25 mA Max. 
~ Standby: 100 WA Max. 


m Simple Write Operation: 
— On-Chip Address and Data Latches 
— Self-Timed Write Cycle with Auto-Clear 


m@ Fast Write Cycle Time: 
— 5ms Max. (3ms available) 


m CMOS and TTL Compatible I/O 


DESCRIPTION 


The CAT28C65B is a fast, low power, 5V-only CMOS 
E2PROM organized as 8K x 8-bits. It requires a simple 
interface for in-system programming. On-chip address 
and data latches, self-timed write cycle with auto-clear 
and Vcc power up/down write protection eliminate addi- 
tional timing and protection hardware. DATA Polling, a 
RDY/BUSY pin and Toggle status bits signal the start 
and end of the self-timed write cycle. Additionally, the 











BLOCK DIAGRAM 
ane ADDR. BUFFER 
ote & LATCHES 
INADVERTENT 
Voc WRITE 
PROTECTION 
cE Py 
OE CONTROL 
WE | LOGIC 
TIMER 
AncA ADDR. BUFFER 
ore & LATCHES 
RDY/BUSY 
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HIGH VOLTAGE 
GENERATOR 


DATA POLLING, 
TOGGLE BIT & 
RDY/BUSY LOGIC 


COLUMN 
DECODER 


I] CATALYST 


SEMI COQONODUCTOAR 


= Commercial and Industrial Temperature Ranges 


m Automatic Page Write Operation: 
-— 1 to 32 Bytes in 5ms 
— Page Load Timer 


@ End of Write Detection: 
— Toggle Bit 
— DATA Polling 
~ RDY/BUSY 


m@ Hardware and Software Write Protection 
100,000 Program/Erase Cycles 
m 100 Year Data Retention 


CAT28C65B features hardware and software write pro- 
tection. 


The CAT28C65B is manufactured using Catalyst’s ad- 
vanced CMOS floating gate technology. It is designed to 
endure 100,000 program/erase cycles and has a data 
retention of 100 years. The device is available in JEDEC- 
approved 28-pin DIP, TSOP and SOIC, or 32-pin PLCC 
and TSOP packages. 


ROW 8,192 x8 
DECODER E2PROM 






ARRAY 


ze 32 BYTE PAGE 
REGISTER 


/O BUFFERS 






VOo-VO7 
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Characteristics subject to change without notice 
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PIN CONFIGURATION | PIN FUNCTIONS 


DP Package _socrackage (x) [Pin Name | _Funetion 






















Ay2C] 2 WE Ai2 WE 
AsC] 5 Ag A5 Ag 
moc]? 22 oe : . fee 
oo: Gee : a 
VOo C4 11 Og VOo /Og : 
vo, C] 12 VO5 cia VO5 Ves | Ground 
VOC] 13 04 we te a a 
Vss CI 14 O03 VSs VO3 
PLCC Package (N) 
E TSOP Package (8mm x 14mm) (T14) 
a TSOP Package (8mm x 20mm) (T) 
> O 
gre? Seg 
Ae Ee) 
4321 


Ag LI. Ag 
As 4 Ag 
Ag ly Art 
A3 NC 
8 Ao CI TOP VIEW 5 7] OE 
Ay UU A10 
Ag CE 
NC 7 VO7 





VOp CL 13 | Og 
14 15 16 17 18 19 20 | 


ot wo . 
O9OoQ 5095 FHD FO1 


TSOP Package (8mm x 13.4mm) (T13) 
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MODE SELECTION 


Read 


Byte Write (WE Controlled) 


Byte Write (CE Controlled) 


Standby, and Write Inhibit 


CAPACITANCE Ta = 25°C, F = 1.0 MHZ, Voc = 5V 






Note: 


CAT28C65B 












(1) This parameter is tested initially and after a design or process change that affects the parameter. 


ABSOLUTE MAXIMUM RATINGS* 


Temperature Under Bias................... —55°C to +125°C 
Storage Temperature ..............:ccee —65°C to +150°C 
Voltage on Any Pin with 

Respect to Ground®) ........... —2.0V to +Vcc + 2.0V 
Vcc with Respect to Ground ............... —2.0V to +7.0V 
Package Power Dissipation 

Gapability (Ta = 25°C): sstececeserrceueisctansavetaces 1.0W 


Lead Soldering Temperature (10 secs) . 300°C Output 


Short Circuit Current’®) ..0........ccccccececcecccccseseeees 100 mA 


RELIABILITY CHARACTERISTICS 


Symbol_| Parameter [Min 







ESD Susceptibility 2000 
IH (')(4) Latch-Up 





Note: 


[units [Test Method 


ie 
[Ton [DatRetenion | 100 | 
a 


*COMMENT 


Stresses above those listed under “Absolute Maximum 
Ratings” may cause permanent damage to the device. 
These are stress ratings only, and functional operation 
of the device at these or any other conditions outside of 
those listed in the operational sections of this specifica- 
tion is not implied. Exposure to any absolute maximum 
rating for extended periods may affect device perfor- 
mance and reliability. 


(1) This parameter is tested initially and after a design or process change that affects the parameter. 

(2) The minimum DC input voltage is —0.5V. During transitions, inputs may undershoot to —2.0V for periods of less than 20 ns. Maximum DC 
voltage on output pins is Vcc +0.5V, which may overshoot to Vcc +2.0V for periods of less than 20 ns. 

(3) Output shorted for no more than one second. No more than one output shorted at a time. 

(4) Latch-up protection is provided for stresses up to 100mA on address and data pins from -1V to Vcc +1V. 









CAT28C65B 


D.C. OPERATING CHARACTERISTICS 
Vcc = 5V +10%, unless otherwise specified. 


Symbol Parameter 











sae Conditions 







loc ~ Vec Current (Operating, TTL) | OE = Vi, 
A t/trc min, All 1/O’s Open 
loo) Voc Current t (Operating, CMOS) 25 oe OE = Vitc, 
| 1/tRc min, All 1/O’s Open 
8 Vcc Current (Standby, TTL) CE = Vin, All /O’s Open 


CE = Vic, 
All 1/0’s Open 


Vin = GND to Vcc 


Vout = GND to Voc, 
CE = Vin 


lOH = —400uA 


lo. = 2.1mA 


100 


Vcc Current (Standby, CMOS) 


Input Leakage Current 


Output Leakage Current 


High Level Input Voltage 
Low Level Input Voltage 


> 







as 
ia {1/3 3 3 . 
sees [oo oa aLa | 







5 
.?) 
+ 
o) 
(a) 


Note: 


(1) Vitc = —0.3V to +0.3V. 
(2) Vinc = Vcc -0.3V to Voc +0.3V. 


TS 


oo M1 b] ca er 
oO > | Oo] oO 
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CAT28C65B 


A.C. CHARACTERISTICS, Read Cycle 


Voc = 5V +10%, unless otherwise specified. 

syns | parr | ont 
Pwo | ReadGyeTine ———=S~S=«d; C2 || 180 | | 200 || ne 
tee [CE Access Tine ———=Si«dt_=SC«; a] «Ste | +a | ne 
tua | Address Access Time ———=«=S=«di@0 |= (t8 || 200 |e 
[toc [OE Access Tine ——Ss«|~S«dt ©] | mo | | 60 | ne 
Pt) [CE towioacive Oupat | | 

tout) [OE Lowio Acive Outpot | O| 

wa [CE HIgh toHighZOupst || =O 

[OE High o Hh [ 
g Pet 











OE High to High-Z Output 
Output Hold from Address Change 


Figure 1. A.C. Testing Input/Output Waveform(3) 








2.4V 





2.0V 
INPUT PULSE LEVELS REFERENCE POINTS 
0.45 V el 
5096 FHD FO3 8 
Figure 2. A.C. Testing Load Circuit (example) 
1.3V 
1N914 
3.3K 
DEVICE 
UNDER 0 OUT 
TEST 
C, = 100 pF 


TI 


C, INCLUDES JIG CAPACITANCE 


5096 FHD F04 


Note: . 

(1) This parameter is tested initially and after a design or process change that affects the parameter. 

(2) Output floating (High-Z) is defined as the state when the external data line is no longer driven by the output buffer. 
(3) Input rise and fall times (10% and 90%) < 10 ns. 


8-33 


CAT28C65B 


A.C. CHARACTERISTICS, Write Cycle 
Vcc = SY +10%, unless otherwise specified. 


Symbol 


Write Cycle Time | 









nN 
oo 
© 
oz) 
or 
w 
oa, 
i) 
nm 
co 
QO] 
ro) 
oI 
2 
oh 
vl 
nN 
oo 
© 
ro) 
o1 
o 
N 
—) 


é — a = 
Olan — =k oO 
on ro) -) © 






tw 
OE Setup Time 
Write Inhibit Period After Power-up 


8 Note: 


(1) This parameter is tested initially and after a design or process change that affects the parameter. 

(2) Awrite pulse of less than 20ns duration will not initiate a write cycle. __ 

(3) A timer of duration tg.c max. begins with every LOW to HIGH transition of WE. If allowed to time out, a page or byte write will begin; 
however a transition from HIGH to LOW within tg_c¢ max. stops the timer. | 


3 
a 


a at 
NO on 
= | =) 


= RO 
Oo oO 


— 
Oo 
Oo 
— 
© 
© 
n 


= = aE 
Olan ak Kk oO 
oO ro) fo) rs) 
ae al 
° BS a 
z a = =e 
oO; on — arg oO 
on o) 7) oO 
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DEVICE OPERATION 


Read 


Data stored in the CAT28C65B is transferred to the data 
bus when WE is held high, and both OE and CE are held 
low. The data bus is set to a high impedance state when 
either CE or OE goes high. This 2-line control architec- 


Figure 3. Read Cycle 


ADDRESS 


tOLZ 
HIGH- 
DATA OUT oe 


Figure 4. Byte Write Cycle [WE Controlled] 


ADDRESS 


tas tAH 


«Vint |. 
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ED (1000 NNN NN HHANHN 


HIGH-Z 
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ture can be used to eliminate bus contention in a system 
environment. 
Byte Write 


Awrite cycle is executed when both CE and WE are low, 
and OE is high. Write cycles can be initiated using either 
WE or CE, with the address input being latched on the 


{OHZ 
tOH tHZ 


CIN owra vaio KIX oxravato —} 
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tA 


280658 FOS EN 









two 


CNNnN 
WITT 


NARA 
MAMAN AAMAMAY 


IBLC 
HIGH-Z 


oh 
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tDH 
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falling edge of WE or CE, whichever occurs last. Data, 
conversely, is latched on the rising edge of WE or CE, 
whichever occurs first. Once initiated, a byte write cycle 
automatically erases the addressed byte and the new 
data is written within 5 ms. 


Page Write | 


_ The page write mode of the CAT28C65B (essentially an 
extended BYTE WRITE mode) allows from 1 to 32 bytes 


of data to be programmed within a single E27PROM write 


Figure 5. Byte Write Cycle [CE Controlled] 


ADDRESS 


tAH 


O 
m 


0 L//////K 


we \\\\A\\\ 


8 RDY/BUSY 


DATA OUT 


HIGH-Z 


DATA IN 


tps 


Figure 6. Page Mode Write Cycle 


Se 0.00, 
tas ae 





OX DATAVALID 


cycle. This effectively reduces. the byte-write time by a 


factor of 32. : 


Following an initial WRITE operation (WE pulsed low, for 
twp, and then high) the page write mode can begin by 
issuing sequential WE pulses, which load the address 
and data bytes into a 32 byte temporary buffer. The page 
address where data is to be written, specified by bits As 
to Aiz2, is latched on the last falling edge of WE. Each 
byte within the page is defined by address bits Ao to Aq 


two 
XK AK 


tBLC 


ANARANSANNRANY, 

fo 
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ore 
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twp tBLC 
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/O 
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BYTEO BYTE 1 


LD Ds LT 






<—twc 
(___X_asteyte 


BYTE n BYTE n+1 BYTE n+2 
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(which can be loaded in any order) during the first and 
subsequent write cycles. Each successive byte load 
cycle must begin within taic max of the rising edge of the 
preceding WE pulse. There is no page write window 
limitation as long as WE is pulsed low within taic max. 


Upon completion of the page write sequence, WE must 
stay high a minimum of tic max for the internal auto- 
matic program cycle to commence. This programming 
cycle consists of an erase cycle, which erases any data 
that existed in each addressed cell, and a write cycle, 
which writes new data back into the cell. A page write will 
only write data to the locations that were addressed and 
will not rewrite the entire page. 


DATA Polling 


DATA polling is provided to indicate the completion of 
write cycle. Once a byte write or page write cycle is 
initiated, attempting to read the last byte written will 
output the complement of that data on 1/O7 (I/Oo—l/O¢ 


Figure 7. DATA Polling 


CAT28C65B 


are indeterminate) until the programming cycle is com- 
plete. Upon completion of the self-timed write cycle, all 
I/O’s will output true data during a read cycle. 


Toggle Bit 


In addition to the DATA Polling feature, the device offers 
an additional method for determining the completion of 
a write cycle. While a write cycle is in progress, reading 
data from the device will result in l/Og toggling between 
one and zero. However, once the write is complete, I/Os 
stops toggling and valid data can be read from the 
device. 


Ready/BUSY (RDY/BUSY) 


The RDY/BUSY pin is an open drain output which 
indicates device status during programming. It is pulled 
low during the write cycle and released at the end of 
programming. Several devices may be OR-tied to the 
same RDY/BUSY line. 





CE 


tOEH 


* az, 


1/07 DIN = X 


Figure 8. Toggle Bit 


WE 
CE 
tOEH 
a | tOE 
0g (1) 
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tOE 


a 


twc 
\ DOUT = x POUT = is 28C65B F10 


toes 
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HARDWARE DATA PROTECTION 


The following is a list of hardware data protection fea- 
tures that are incorporated into the CAT28C65B. 


(1) Vcc sense provides for write protection when Vcc 
falls below 3.5V min. 


(2) A power on delay mechanism, tinit (See AC charac- 
teristics), provides a 5 to 10 ms delay before a write 
sequence, after Vcc has reached 3.5V min. 


(3) Write inhibit is activated by holding any one of OE 
low, CE high or WE high. 


Figure 9. Write Sequence for Activating Software 
Data Protection 


WRITE DATA: 
ADDRESS: 


AA 
1555 


WRITE DATA: 
ADDRESS: 


55 
OAAA 


WRITE DATA: 
ADDRESS: 


AO 
1555 





SOFTWARE DATA 
PROTECTION ACTIVATED 


(1) 





WRITE DATA: XX 
TO ANY ADDRESS 


WRITE LAST BYTE 


TO 
LAST ADDRESS 





5094 FHD F08 


Note: 


(4) Noise pulses of less than 20 ns on the WE or CE 
inputs will not result in a write cycle. 


SOFTWARE DATA PROTECTION 


The CAT28C65B features .a software controlled data 
protection scheme which, once enabled, requires a data 
algorithm to be issued to the device before a write can be 
performed. The device is shipped from Catalyst with the . 
software protection NOT ENABLED (the CAT28C65B is 


- in the standard operating mode). 


Figure 10. Write Sequence for Deactivating 
Software Data Protection 


WRITE DATA: = AA 
ADDRESS: 1555 
| WRITE DATA: 55 
ADDRESS: OAAA 
WRITE DATA: 80 
ADDRESS: 1555 
WRITE DATA: = AA 
ADDRESS: 1555 
WRITE DATA: —55 ! 
ADDRESS: OAAA 
WRITE DATA: 20 
ADDRESS: 1555 


5094 FHD FO9 


(1) Write protection is activated at this point whether or not any more writes are completed. Writing to addresses must occur within tgic 


Max., after SDP. activation. 
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To activate the software data protection, the device must 
be sent three write commands to specific addresses with 
specific data (Figure 9). This sequence of commands 
(along with subsequent writes) must adhere to the page 
write timing specifications (Figure 11). Once this is done, 
all subsequent byte or page writes to the device must be 
preceded by this same set of write commands. The data 
protection mechanism is activated until a deactivate 
sequence is issued regardless of power on/off transi- 
tions. This gives the user added inadvertent write pro- 
tection on power-up in addition to the hardware protec- 
tion provided. 


Figure 11. Software Data Protection Timing 









DATA AA 5 
ADDRESS 1555 OAAA 
CE 

==} 

WE 


Figure 12. Resetting Software Data Protection Timing 


DATA AA 55 80 
ADDRESS 1555 OAAA 1555 
CE 
eel 
WE 
ORDERING INFORMATION 
Prefix Device # Suffix 
CAT 28C65B H F N 







Product 


Write Cycle Time 

Blank = Standard 

F = Fast (3ms Write 
Cycle Time) 


Number 








Endurance 
Blank = 10,000 Cycle 
H = 100,000 Cycle 


Package 
P: PDIP 





Optional 
Company 
ID 


Notes: 


N: PLCC 
T: TSOP (8mmx20mm) 
T13: TSOP (8mmx13.4mm) 
T14: TSOP (8mmx14mm) 


(1) 


industrial temperature, 200 ns Access Time, Tape & Reel). 


CAT28C65B 


To allow the user the ability to program the device with 
an E2PROM programmer (or for testing purposes) there 
is a software command sequence for deactivating the 
data protection. The six step algorithm (Figure 10) will 
reset the internal protection circuitry, and the device will 
return to standard operating mode (Figure 12 provides 
reset timing). After the sixth byte of this reset sequence 
has been issued, standard byte or page writing can 
commence. 


twc 






BYTE OR 
PAGE 


WRITES 
ENABLED 


5094 FHD F13 


AA 55 20 }+ two SDP 
1555 OAAA 1555 RESET 
DEVICE 
UNPROTECTED 
5094 FHD F14 
| -20 . 
Temperature Range Tape & Reel 


Blank = Commercial (0°C to +70°C) 
| = Industrial (-40°C to +85°C) 





-J: SOIC (JEDEC) 
K: SOIC (ElAu) 
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TE7: 500/Reel 
TE13: 2000/Reel 


Speed 

12: 120ns 
15: 150ns 
20: 200ns 


28C65B F15 


The device used in the above example is a CAT28C65BHFNI-20TE7 (100,000 Cycle Endurance, 3ms Write Cycle Time, PLCC, 


CAT28C65B 
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SE IcOoON OUCTAR 


CAT28C256 


256K-Bit CMOS E?PROM 





FEATURES 
m Fast Read Access Times: 150/200/250 ns m Automatic Page Write Operation: 
m Low Power CMOS Dissipation: —1 to 64 Bytes in 10ms 
—Active: 30 mA Max. | —Page Load Timer 
—Standby: 150 WA Max. m End of Write Detection: 
m Simple Write Operation: —Toggle Bit 
—On-Chip Address and Data Latches -DATA Polling 
—Self-Timed Write Cycle with Auto-Clear m Hardware and Software Write Protection 
m@ Fast Write Cycle Time: m 100,000 Program/Erase Cycles 


-10ms Max (5ms available) 
m CMOS and TTL Compatible I/O 


m 100 Year Data Retention 
= Commercial and Industrial Temperature Ranges 


DESCRIPTION 


The CAT28C256 is a fast, low power, 5V-only CMOS internal Error Correction Code (ECC) for extremely high 
E?PROM organized as 32K x 8-bits. It requires a simple reliability. 


interface for in-system programming. On-chip address ; ; 
and data latches, self-timed write cycle with auto-clear The CAT28C256 is manufactured using Catalyst's ad- Ey 


and Vcc power up/down write protection eliminate addi- vanced CMOS floating gate technology. Itis designed to 


tional timing and protection hardware. DATA Polling and endure 100,000 program/erase cycles and has a data 
Toggle status bits signal the start and end of the self- retention of 100 years. The device is available in JEDEC 


timed write cycle. Additionally, the CAT28C256 features approved 28-pin DIP, 28-pin TSOP, 32-pin TSOP or 32- 
hardware and software write protection as well as an. _—~»PIn PLCC packages. 





BLOCK DIAGRAM . 










ADDR. BUFFER ROW 32,768 x 12 
AeAt4 & LATCHES DECODER aa 


INADVERTENT HIGH VOLTAGE 
Vic WRITE GENERATOR Lt eceree 


PROTECTION 












CE a ECC LOGIC 
OE CONTROL 
a 1oGic Pe ! 
9 //O BUFFERS 
| DATA POLLING 
TIMER AND 
TOGGLE BIT VOp-V/Oz 
ADDR. BUFFER 
Ag-As & LATCHES COLUMN 
; DECODER 
5096 FHD F02 
© 1996 by Catalyst Semiconductor, Inc. Characteristics subject to change without notice 
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CAT28C256 





PIN CONFIGURATION PIN FUNCTIONS 





DIP Package (P) PLCC Package (N). 
| Voc Address Inputs 
} oe Data Inputs/Outputs 
13 = 
a — | OE Output Enable 
11 Att ——— 
OE NC Write Enable 
10 OE 
CE A10 
VO7 CE 
VOg V/O7 
VOs VO6 
04 - - . 
Og - A MNO OM + Ww 
OO YZ O OG QO 5096 FHD Fo! 





TSOP Package (8mm X 13.4mm) (T13) 





OE rT A109 
Ait HCE 
Ag PT] 1/07 
Ag rT I/Og 
Ai3 7015 PT 1/05 
WE rT 1/04 
Voc PI 03 
Ai4 CT GND 
Ai2 PT) 1/O9 
A7 PI W/04 
Ag FI 1/09 
As 17 FO Ag 
A4 16 FI Ay 


280256 FO3 
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ABSOLUTE MAXIMUM RATINGS* *COMMENT 

Temperature Under Bias.................. —55°C to +125°C Stresses above those listed under “Absolute Maximum 

Storage Temperature _65°C to +150°C Ratings” may cause permanent damage to the device. 

Woe goes eect te erecta These are stress ratings only, and functional operation 

Voltage on Any Pin with of the device at these or any other conditions outside of 
Respect to Ground® ........... —2.0V to +Vcc + 2.0V those listed in the operational sections of this specifica- 

Vcc with Respect to Ground ............... —2.0V to +7.0V tion is not implied. Exposure to any absolute maximum 

Package Power Dissipation rating for extended periods may affect device perfor- 
Capability (Ta = 25°C) wo. ccecccessecesecceresseees 1.0W mance and reliability. 

Lead Soldering Temperature (10 secs) ............ 300°C 

Output Short Circuit Current®) oo. 100 mA 


RELIABILITY CHARACTERISTICS 















Symbol Parameter | Min. | Max. | Test Method 
Nenp") | Endurance 10¢or 10°} =| Cycles/Byte} __ MIL-STD-883, Test Method 1033 
Tort) Data Retention } 100 | | Years | MIL-STD-883, Test Method 1008 


Vzap() | ESD Susceptibility 2000 MIL-STD-883, Test Method 3015 
IH 1)(4) JEDEC Standard 17 


D.C. OPERATING CHARACTERISTICS | 
Vcc = 5V +10%, unless otherwise specified. 


loc Vcc Current (Operating, TTL) 30 mA | CE=OE=VuL, 
f = 1/tRc min, All 1/O’s Open 
lecc() Vcc Current (Operating, CMOS) 25 mA | CE=OE= Vic, : 
f = 1/tRc min, All 1/0’s Open 


Latch-Up 





| isa | Vcc Current (Standby, TTL) CE = Vin, All I/O’s Open 


Ispc() Vcc Current (Standby, CMOS) 150 uA | CE=Vixc, 
All I/O’s Open 


= 
I Input Leakage Current }-10 | | 10s] pA Vin = GND to Vcc 
_—n 
La 
—_ 
- 
i 


|_InputLeakage Current | 
| CE = Vin 
von | Low Level Oupia Vonage | 
| Write inhibit Voltage 2 aa 


Vwi Write Inhibit Voltage 


Note: 

(1) This parameter is tested initially and after a design or process change that affects the parameter. 

(2) The minimum DC input voltage is -0.5V. During transitions, inputs may undershoot to —2.0V for periods of less than 20 ns. Maximum DC 
voltage on output pins is Vcc +0.5V, which may overshoot to Vcc +2.0V for periods of less than 20 ns. 

(3) Output shorted for no more than one second. No more than one output shorted at a time. 

(4) Latch-up protection is provided for stresses up to 100mA on address and data pins from —1V to Vcc +1V. 

(5) Vitc =—0.3V to +0.3V. 

(6) Vic = Vcc —0.3V to Voc +0.3V. 
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MODE SELECTION 


Mode 
7. 
vite — 


Standby, and Write Inhibit 
Read and Write Inhibit 













Symbol | Test, | Max. 
Input/Output Capacitance 
inal Copaitanecs 





A.C. CHARACTERISTICS, Read Cycle 
Vcc = 5V +10%, unless otherwise specified. 


[Read GyceTine ——SS~dCRO Ta] a 
[GE AccessTine —SSSCS*dSC 

[Adsess Access Time —SS*dS 

[OEAccessTine ——SSSC*dS 

[CE towtoAcwe Out ———SSSS*dtC 

: x 

7 _ 

me 

oe 










tRC 
{cE 
TAA 
toe 

( 


cals 2 
3 

(oxy 

° 


1) 
(1) | OE Low to Active Output 
tyz(2)_ | CE High to High-Z Output 
tonz"X@) | OE High to High-Z Output 


= 
O 
ze 


Output Hold from Address Change 


Note: 
(1) This parameter is tested initially and after a design or process change that affects the parameter. 
(2) Output floating (High-Z) is defined as the state when the external data line is no longer driven by the output buffer. 
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A.C. CHARACTERISTICS, Write Cycle 
Vcc = 5V +10%, unless otherwise specified. 


| 28C256-15 | 28C256-20 | 28C256-25 


wc [WitedyeTime ——SSSS~SCi‘izrSCOC || 
rol [el _ 
tors 
to 
tw 
to 






Symbol 






a 
on 
ale 
on 


CE Pulse Time 
toes OE Setup Time 
foo: [OEHTme 
fos [Bata SeupTine 
fon [DalaWoTine 


Cc 

Ss 

H 

Ss 

H CE Hold Time 

) 
EH 
H 







a 
>) 


3=/|oa|/= = “NI 
pa © 
oO =—_h, 
oO = on a § wal, 
: o1 © © 
Ss 
© 


oO —. O1 —s ah, 
: on 2) 2) 


— 
© 
OC 
— 
(2) 
>) 





Figure 1. A.C. Testing Input/Output Waveform(2) 


2.4V 
2.0V 
INPUT PULSE LEVELS , REFERENCE POINTS 
0.45 V cde 
5096 FHD FO3 
Figure 2. A.C. Testing Load Circuit (example) 1.3V 
1N914 
3.3K 
DEVICE 
UNDER 0 OUT 
TEST 
C, = 100 pF 





-. 


C, INCLUDES JIG CAPACITANCE 


’ 5096 FHD F04 


(1) This parameter is tested initially and after a design or process change that affects the parameter. 

(2) Input rise and fall times (10% and 90%) < 10 ns. 

(3) Awrite pulse of less than 20ns duration will not initiate a write cycle. 

_ (4) Atimer of duration tgic¢ max. begins with every LOW to HIGH transition of WE. If allowed to time out, a page or byte write will begin; 
however a transition from HIGH to LOW within tg_c max. stops the timer. 


8-45 





CAT28C256 


DEVICE OPERATION 


Read 


Data stored in the CAT28C256 is transferred tothe data 
bus when WE is held high, and both OE and CE are held 


_ low. The data bus is set to a high impedance state when 


either CE or OE goes high. This 2-line control architec- 


ture can be used to eliminate bus contention in a system 


environment. 


Figure 3. Read Cycle 


Byte Write 


Awrite cycle is executed when both CE and WE are low, 
and OE is high. Write cycles can be initiated using either 
WE or CE, with the address input being latched on the 
failing edge of WE or CE, whichever occurs last. Data, 
conversely, is latched on the rising edge of WE or CE, 
whichever occurs first. Once initiated, a byte write cycle 
automatically erases the addressed byte and the new 
data is written within 10 ms. 


tRC 
ADDRESS a Cn 
(CE 
CE 
” | ee 
WE tLZ | ae 
tOLZ tOH tHZ 
DATA OUT sielaxs 


Figure 4. Byte Write Cycle [WE Controlled] 


ADDRESS 
tas 


=e (ih | 
TTT 


tOES 


tAH 


O 
m 


Oo 
m 


—_—— twp 


DATAOUT (XXXKKKKX 


DATA IN 


KOO AX 


HIGH-Z 


{Mfoara vaio KXXXOK _OATAVALO_} 
TAA 


twc 







WITLI 
ANNANNRAANANANNRANANY 
TIT 


tBLC 
Se 


OXKXKOK—_erravani XXX — 
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Page Write 


The page write mode of the CAT28C256 (essentially an 
extended BYTE WRITE mode) allows from 1 to 64 bytes 
of data to be programmed within a single E7PROM write 
cycle. This effectively reduces the byte-write time by a 
factor of 64. 


Following an initial WRITE operation (WE pulsed low, for 
twe, and then high) the page write mode can begin by 
issuing sequential WE pulses, which load the address 
and data bytes into a 64 byte temporary buffer. The page 
address where data is to be written, specified by bits Ag 
to A14, is latched on the last falling edge of WE. Each 
byte within the page is defined by address bits Ao to As 


Figure 5. Byte Write Cycle [CE Controlled] 


ADDRESS 


alee 


 L/////L} 


we \\\\\\S 


toES 


HIGH-Z 


DATA OUT 


DATA IN 


tps 


Figure 6. Page Mode Write Cycle 


CAT28C256 


(which can be loaded in any order) during the first and 
subsequent write cycles. Each successive byte load 
cycle must begin within taic max of the rising edge of the 
preceding WE pulse. There is no page write window 
limitation as long as WE is pulsed low within taic max. 


Upon completion of the page write sequence, WE must 
stay high a minimum of taic max for the internal auto- 
matic program cycle to commence. This programming 
cycle consists of an erase cycle, which erases any data 
that existed in each addressed cell, and a write cycle, 
which writes new data back into the cell. A page write will 
only write data to the locations that were addressed and 
will not rewrite the entire page. 


KKK TRIKE 


iBLC 


WAY 


ae 
(IY 


tCH 


XXX XY) COCUOCCOEE XXX 


t 
DH 5096 FHD F07 


*  S7T  ——~—<C~SC«CLKYY 
cE NAD LDN LTD TDs L7Ds_ LTT 


tBLC 
WE 


ADDRESS 


twc 


BYTEO BYTE 1 
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BYTE 2 


BYTE n BYTE n+1 BYTE n+2 


5096 FHD F10 


mmr 


CAT28C256 


DATA Polling 


DATA polling is provided to indicate the completion of 
write cycle. Once a byte write or page write cycle is 
initiated, attempting to read the last byte written will 
output the complement of that data on I/O7 (I/Oo-l/Og 
are indeterminate) until the programming cycle is com- 
plete. Upon completion of the self-timed write cycle, all 
I/O’s will output true data during a read cycle. 


Figure 7. DATA Polling 


' Toggle Bit 


In addition to the DATA Polling feature of the CAT28C256, 
the device offers an additional method for determining 


‘ the completion of a write cycle. While a write cycle is in 


progress, reading data from the device will result in I/O 
toggling between one and zero. However, once the write 
is complete, I/Og stops toggling and valid data can be 
read from the device. 


ADDRESS em oreo 


tOEH 


. me. .- 


8 Figure 8. Toggle Bit 


tOEH pes ae 


/Og (1) 


Note: 
(1) Beginning and ending state of I/Og is indeterminate. 


bad a 


a, we seeeenee 


5096 FHD F11 





(1) 


two 
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HARDWARE DATA PROTECTION 


The following is a list of hardware data protection fea- 
tures that are incorporated into the CAT28C256. 


(1) Vcc sense provides for write protection when Vcc 
falls below 3.5V min. 


(2) Apower on delay mechanism, tint (See AC charac- 
teristics), provides a 5 to 10 ms delay before a write 
sequence, after Vcc has reached 3.5V min. 


(3) Write inhibit is activated by holding any one of OE 
low, CE high or WE high. 


Figure 9. Write Sequence for Activating Software _ 


Data Protection 


WRITE DATA: AA 
ADDRESS: 5555 


WRITE DATA: 55 
ADDRESS: 2AAA 


WRITE DATA: AO 
ADDRESS: 5555 





SOFTWARE DATA (1) 
PROTECTION ACTIVATED 





WRITE DATA: XX 
TO ANY ADDRESS 


WRITE LAST BYTE 


TO 
LAST ADDRESS 
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Note: 


CAT28C256 


(4) Noise pulses of less than 20 ns on the WE or CE 
inputs will not result in a write cycle. 


SOFTWARE DATA PROTECTION 


The CAT28C256 features a software controlled data 
protection scheme which, once enabled, requires a data 
algorithm to be issued to the device before a write can be 
performed. The device is shipped from Catalyst with the 
software protection NOT ENABLED (the CAT28C256 is 
in the standard operating mode). 


Figure 10. Write Sequence for Deactivating 
Software Data Protection 


WRITE DATA: AA 
ADDRESS: 5555 


WRITE DATA: 55 
ADDRESS: 2AAA 


WRITE DATA: 80 
5555 


ADDRESS: 


WRITE DATA: AA 
ADDRESS: 5555 


WRITE DATA: 55 
ADDRESS: 2AAA 


WRITE DATA: 20 
ADDRESS: 5555 
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% 


(1) Write protection is activated at this point whether or not any more writes are completed. Writing to addresses must occur within tpic 


Max., after SDP activation. 
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To activate the software data protection, the device must 
be sent three write commands to specific addresses with 
specific data (Figure 9). This sequence of commands 
(along with subsequent writes) must adhere to the page 
write timing specifications (Figure 11). Once this is done, 
all subsequent byte or page writes to the device must be 
preceded by this same set of write commands. The data 
protection mechanism is activated until a deactivate 
sequence is issued regardless of power on/off transi- 
tions. This gives the user added inadvertent write pro- 
tection on power-up in addition to the hardware protec- 
tion provided. 


Figure 11. Software Data Protection Timing 





DATA AA 55 
ADDRESS 5555 2AAA 
CE 

__ ———+ 

WE 


To allow the user the ability to program the device with 
an E7PROM programmer (or for testing purposes) there 
is a software command sequence for deactivating the 
data protection. The six step algorithm (Figure 10) will 
reset the internal protection circuitry, and the device will 
return to standard operating mode (Figure 12 provides 
reset timing). After the sixth byte of this reset sequence 
has been issued, standard byte or page writing can 


commence. 


twc 











WRITES 
ENABLED 
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Figure 12. Resetting Software Data Protection Timing 


DATA AA 55 80 
ADDRESS 5555 2AAA 5555 
CE 

WE 


ORDERING INFORMATION 


Prefix | Device # Suffix 


CAT 280256 =H F N 


Product 
Number 


Write Cycle Time 

Blank = Standard 

F = Fast (5ms Write 
Cycle Time) 





Endurance 
Blank = 10,000 Cycle 
H = 100,000 Cycle 


Package 
P: PDIP 
N: PLCC 





Optional 
eonpaey 





Notes: 


Blank = Commercial (0°C to +70°C) 
| = Industrial (-40°C to +85°C) 





T13: TSOP (8mmx13.4mm) 
T14: TSOP (8mmx14mm) 





AA 55 20 + twc SDP 
5555 2AAA 5555 RESET 
DEVICE 
UNPROTECTED 
5096 FHD F144 
| | -20 TE7 
Temperature Range Tape & Reel 


TE7: 500/Reel 
TE13: 2000/Reel 


Speed 

15: 150ns 
20: 200ns 
25: 250ns 


280256 F16 


(1) The device used in the above example is a CAT28C256HFNI-20TE7 (100,000 Cycle Endurance, 5ms Write mee Time, PLCC, 


Industrial temperature, 200 ns Access Time, Tape & Reel). 
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Preliminary MI CONDUCTOR 
64K-Bit CMOS EPROM 
FEATURES 
m@ 3.0V to 3.6 V Supply m= Commercial and Industrial Temperature Ranges 
m Read Access Times: m CMOS and TTL Compatible I/O 
~ 250/300/350ns m Automatic Page Write Operation: 
m Low Power CMOS Dissipation: — 1 to 32 Bytes in 5ms 
— Active: 8 mA Max. — Page Load Timer | 
— Standby: 100 LWA Max. m@ End of Write Detection: 
= Simple Write Operation: — Toggle Bit 
— On-Chip Address and Data Latches — DATA Polling 
— Self-Timed Write Cycle with Auto-Clear m Hardware and Software Write Protection 
m Fast Write Cycle Time: m 100,000 Program/Erase Cycles 
— 5ms Max. 
m@ 100 Year Data Retention 
DESCRIPTION 
The CAT28LV64 is a low voltage, low power, CMOS The CAT28LV64 is manufactured using Catalyst’s ad- 
E?PROM organized as 8K x 8-bits. It requires a simple vanced CMOS floating gate technology. It is designed to 
interface for in-system programming. On-chip address endure 100,000 program/erase cycles and has a data 
and data latches, self-timed write cycle with auto-clear retention of 100 years. The device is available in JEDEC 


and Vcc power up/down write protection eliminate addi- approved 28-pin DIP, TSOP and SOIC or 32-pin PLCC 
tional timing and protection hardware. DATA Polling and and TSOP packages. 

Toggle status bit signal the start and end of the self- 

timed write cycle. Additionally, the CAT28LV64 features 

hardware and software write protection. 


BLOCK DIAGRAM 









Ac—A 2 
12 DECODER E2PROM 
& LATCHES aby 
INADVERTENT HIGH VOLTAGE Le ctie Sac 
Voc , WRITE GENERATOR fo ee 
PROTECTION 
ce __ 
OE CONTROL 
WE LOGIC 
= /O BUFFERS 
DATA POLLING 
TIMER AND . 
TOGGLE BIT VOo-VO7 





COLUMN 


Ao-Aq ADDR. BUFFER 
. AT 
oles DECODER 


5094 FHD F02 


© 1996 by Catalyst Semiconductor, Inc. Characteristics subject to change without notice 


8-51 





CAT28LV64 a 7 Preliminary 


PIN CONFIGURATION | _ PIN FUNCTIONS 















_DIP Package (P) | SOIC Package (J, K) | Function 
Voc NC L4°1 Vcc | Ao-Ara Address Inputs —=t™” 
WE Ai2 (- WE 


/Oo-1/07 Data Inputs/Outputs 





NC A7 NC 
: ne - cE | Chip Enable 
Ag A5 Ag 
pe Ag A /-OE | Output Enable 
OE = - | WE Write Enable | 
AiO A10 . Ae 
cUC*~<“‘ CE = 3.0 to 3.6 V Supply 
06 Oo V/0g 
VO4 — i 

] 03 SS 3 


TSOP Top View (8mm x 14mm) (T14) 
TSOP Top View (8mm x 20mm) (T) 


Ag 
Att 
NC 
TOP VIEW OE 
AI 
CE 
1/07 
06 





6094 FHD FO! | TSOP Top View (8mm x 13.4mm) (T13) 





28LV64 FO3 
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MODE SELECTION 


Input/Output Capacitance 10 
Input Capacitance 





ABSOLUTE MAXIMUM RATINGS* *COMMENT 


Temperature Under Bias................... —55°C to +125°C Stresses above those listed under “Absolute Maximum 
Ratings” may cause permanent damage to the device. 


Storage Temperature ...........: eee —65°C to +150°C 
af is. _ These are stress ratings only, and functional operation 
Voltage on Any Pin wn of the device at these or any other conditions outside of 
Respect to Ground” ........... —2.0V to +Vcc + 2.0V those listed in the operational sections of this specifica- 
Vcc with Respect to Ground ..........0.. —2.0V to +7.0V tion is not implied. Exposure to any absolute maximum 
Package Power Dissipation rating for extended periods may affect device perfor- 
Capability (Ta = 25°C) wee. elie tee iain 1.0W mance and reliability. Es 
Lead Soldering Temperature (10 secs) ............ 300°C 
Output Short Circuit Current®) oo... 100 mA 


RELIABILITY CHARACTERISTICS 





Note: 

(1) This parameter is tested initially and after a design or process change that affects the parameter. ; 

(2) The minimum DC input voltage is —0.5V. During transitions, inputs may undershoot to —2.0V for periods of less than 20 ns. Maximum DC 
voltage on output pins is Vcc +0.5V, which may overshoot to Vcc +2.0V for periods of less than 20 ns. 

(3) Output shorted for no more than one second. No more than one output shorted at a time. 

(4) Latch-up protection is provided for stresses up to 100mA on address and data pins from -1V to Voc +1V. 
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D.C. OPERATING CHARACTERISTICS 


Voc = 3.0V to 3.6V, unless otherwise specified. 






Test Conditions 








Vcc Current (Operating, TTL) 
Ispo™) Vcc Current (Standby, CMOS) 
| | ll /O’s Open 


Input Leakage Current - A VIN = GND to Voc 


_ 

Units: 

= 

_ 

CE =Vin 

Red 

| 

a 

Ll 

Lo 


CE = OE = VIL, 
f = 1/tRc min, All I/O’s Open 


100 | pA | CE=Viue, 
A 








Low Level Input Voltage _ 
Note: 


(1) Vinc = Veco -0.3V to Voc +0.3V. 


A.C. CHARACTERISTICS, Read Cycle 





lon = —100UA 
lo. = 1.0mA 


he) Nm} OC] Pp 
oo 


Voc = 3.0V to 3.6V, unless otherwise specified. 
| 28LV64-25 28LV64-30 28LV64-35 
Symbol Parameter | Min. Max. | Min. Max. | Min. Max. 
taa _ | Address Access Time 


tcE CE Access Time 250 300 350 
250 350 
toE OE Access Time 


a 
O1 
>) 


—_ 
ae 
tz) | CELowto Active Output | 
ee 
a 
a 
[ te 


Note: 
(1) This parameter is tested initially and after a design or process change that affects the parameter. 
(2) Output floating (High-Z) is defined as the state when the external data line is no longer driven by the output buffer. 
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Figure 1. A.C. Testing Input/Output Waveform() 


Vcc - 0.3V 


2.0V 
INPUT PULSE LEVELS REFERENCE POINTS 
0.0V 0.6 V 
Note: 
(1) Input rise and fall times (10% and 90%) < 10 ns. 
Figure 2. A.C. Testing Load Circuit (example) 
ec 





Device 
Under 
Test 


OUTPUT 






CL = 100 pF 


C, INCLUDES JIG CAPACITANCE 
5096 FHD F04 


A.C. CHARACTERISTICS, Write Cycle 


Voc = 3.0V to 3.6V, unless otherwise specified. 
Cee 
[syns | paar fw | ue | 
[lve | wits oye tine | 
a a A A 
Address Hold Time “2 
vies | OF Seuptine —SSSC=dt;C Dns 
Pts | CEwoaTime «LO 
(2) 
DS | 
DH 
cis ; 














60 
xe 
: 


(1) This parameter is tested initially and after a design or process change that affects the parameter. 
(2) Avwrite pulse of less than 20ns duration will not initiate a write cycle. 
(3) A timer of duration tg:¢ max. begins with every LOW to HIGH transition of WE. If allowed to time out, a page or byte write will begin; 
however a transition from HIGH to LOW within tg_c max. stops the timer. 
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DEVICE OPERATION 


Read 

Data stored in the CAT28LV64 is transferred to the data 
~ bus when WE is held high, and both OE and CE are held 
low. The data bus is set to a high impedance state when 
either CE or OE goes high. This 2-line control architec- 
ture can be used to eliminate bus contention in a system 
environment. | 


Figure 3. Read Cycle 


tRC 
ADDRESS { 
j}~«—__—— tCE 
CE 


DATA OUT 


Figure 4. Byte Write Cycle [WE Controlled] 


ADoRESS 77 
=e VW | 
= TT 
tOES twP 


pataouT (XXXXXKKK) 
DATA IN 


DS 


OOK AA 


. HIGH-Z 


Preliminary 


Byte Write 


A write cycle is executed when both CE and WE are low, 
and OE is high. Write cycles can be initiated using either 
WE or CE, with the address input being latched on the 
falling edge of WE or CE, whichever occurs last. Data, 
conversely, is latched on the rising edge of WE or CE, 
whichever occurs first. Once initiated, a byte write cycle 
automatically erases the addressed byte and the new 

data is written within 5 ms. | 


| tOHZ 
tOH tHZ 


CY yfoATa vaio KXXKNKoaravano 


tAA 
, 28LV64 FO6 








twc 


XX 





Onn 
“WITLI 


ANNNAAARANAN ANNNNNNYY 
Ty 


tBLC 
————————____—_—- 


(XXXHX Kerra watio YX XXRXXKKY KKXXKXXEXXE— 


DH 
5096 FHD F06 
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Page Write 


. The page write mode of the CAT28LV64 (essentially an 
extended BYTE WRITE mode) allows from 1 to 32 bytes 
of data to be programmed within a single E7PROM write 
cycle. This effectively reduces the byte-write time by a 
factor of 32. 


Following an initial WRITE operation (WE pulsed low, for 
twp, and then high) the page write mode can begin by 
issuing sequential WE pulses, which load the address 
and data bytes into a 32 byte temporary buffer. The page 
address where data is to be written, specified by bits As 


to A12, is latched on the last falling edge of WE. Each | 


byte within the page is defined by address bits Ao to A4 


Figure 5. Byte Write Cycle [CE Controlled] 


ADDRESS 


OE oan mene 


we \\\\\\S 


toES 


HIGH-Z 


DATA OUT 


DATA IN 


tps 


Figure 6. Page Mode Write Cycle 


jane an 


CAT28LV64 


(which can be loaded in any order) during the first and 
subsequent write cycles. Each successive byte load 
cycle must begin within taic max of the rising edge of the 
preceding WE pulse. There is no page write window 
limitation as long as WE is pulsed low within taic max. 


Upon completion of the page write sequence, WE must 
stay high a minimum of taic max for the internal auto- 
matic program cycle to commence. This programming 
cycle consists of an erase cycle, which erases any data 
that existed in each addressed cell, and a write cycle, 
which writes new data back into the cell. A page write will 
only write data to the locations that were addressed and 
will not rewrite the entire page. 


OY CANNON 


Bp ANUAAANNNAN Ty 


ICH 


XKARERX——ovravanw YX EXXXXKARY TXXXXXXKXK— 


'DH 5094 FHD F07 


— 


| ce NLP) T7117. 
Ne 

WE 

ADDRESS 


BYTEO BYTE 1 


BYTE 2 


BYTE n BYTE n+1 BYTE n+2 


5096 FHD F10 
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DATA Polling 


DATA polling is provided to indicate the completion of 
write cycle. Once a byte write or page write cycle is 


initiated, attempting to read the last byte written will — 


output the complement of that data on I/O7 (I/Oo-I/Oe 
are indeterminate) until the programming cycle is com- 
plete. Upon completion of the self-timed write cycle, all 
[/O’s will output true data during a read cycle. 


niga 7. DATA Polling 


Preliminary 


Toggle Bit 


In addition to the DATA Polling feature, the device offers 
an additional method for determining the completion of 


a write cycle. While a write cycle is in progress, reading 


data from the device will result in 1/Og toggling between 
one and zero. However, once the write is complete, I/Og 
stops toggling and valid data can be read from the 
device. 


CE 


—tOEH 


7 a. 


8 Figure 8. Toggle Bit 


WE 
CE 
tOEH 
= | OE 
06 (1) 


Note: 
(1). Beginning and ending state of I/Og is indeterminate. 


oo oo 


tO — 
two 
{ Dout = X { Dout = X : 
5094 FHD F114 





(1) 


twc 
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HARDWARE DATA PROTECTION 


The following is a list of hardware data protection fea- 
tures that are incorporated into the CAT28LV64. 


(1) Vcc sense provides for write protection when Vcc 
falls below 2.0V min. 


(2) A power on delay mechanism, tinit (See AC charac- 
teristics), provides a 5 to 10 ms delay before a write 
sequence, after Vcc has reached 2.40V min. 


(3) Write inhibit is activated by holding any one of OE 
low, CE high or WE high. 


Figure 9. Write Sequence for Activating Software 
Data Protection 


WRITE DATA: AA 
ADDRESS: 1555 


WRITE DATA: 55 
ADDRESS: OAAA 


WRITE DATA: AO 
ADDRESS: | 1555 





SOFTWARE DATA 
PROTECTION ACTIVATED 


(1) 





WRITE DATA: XX 
TO ANY ADDRESS 


WRITE LAST BYTE 


TO 
LAST ADDRESS 





5094 FHD FO8 


Note: - 


CAT28LV64 


(4) Noise pulses of less than 20 ns on the WE or CE 
inputs will not result in a write cycle. 


SOFTWARE DATA PROTECTION 


The CAT28LV64 features a software controlled data 
protection scheme which, once enabled, requires a data 
algorithm to be issued to the device before a write can be 
performed. The device is shipped from Catalyst with the 
software protection NOT ENABLED (the CAT28LV64 is 
in the standard operating mode). 


Figure 10. Write Sequence for Deactivating 
Software Data Protection 


WRITE DATA: AA 
1555 | 


ADDRESS: 


WRITE DATA: 55 
ADDRESS: OAAA 


WRITE DATA: 80 
ADDRESS: 1555 


WRITE DATA: AA 
ADDRESS: 1555 


WRITE DATA: 55 
ADDRESS: OAAA 


WRITE DATA: 20 
ADDRESS: 1555 





5094 FHD FO09 


(1) Write protection is activated at this point whether or not any more writes are completed. Writing to addresses must occur within tgic 


Max., after SDP activation. 
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Toactivate the software data protection, the device must 
be sent three write commands to specific addresses with 
specific data (Figure 9). This sequence of commands 
(along with subsequent writes) must adhere to the page 
write timing specifications (Figure 11). Once this is done, 
all subsequent byte or page writes to the device must be 
preceded by this same set of write commands. The data 
protection mechanism is activated until a deactivate 
sequence is issued regardless of power on/off transi- 
tions. This gives the user added inadvertent write pro- 
tection on power-up in addition to the hardware protec- 
tion provided. | 


Figure 11. Software Data Protection Timing 


DATA AA 
ADDRESS 1555 
se 7 

a 

WE 


Figure 12. Resetting Software Data Protection Timing 


DATA AA 55 80 
ADDRESS 1555 OAAA 1555 
CE 
ol, 
WE 
ORDERING INFORMATION 
Prefix | Device # Suffix 
CAT — 28LV64 H N 








Endurance 
Blank = 10,000 Cycle 
H = 100,000 Cycle 





Optional 
sat ld 





Package 
P: PDIP 


Product 
Number 


K: SOIC (EIAd) 


N: PLCC 
T: TSOP (8mmx20mm) 
T13: TSOP (8mmx13.4mm) 
714: TSOP (8mmx14mm) 


Notes: 





Blank = Commercial (0°C to +70°C) 
| = Industrial (-40°C to +85°C) 


J: SOIC (JEDEC) 





Preliminary | 
5} ; 


To allow the user the ability to program the device with 
an E*PROM programmer (or for testing purposes) there 
is a software command sequence for deactivating the 
data protection. The six step algorithm (Figure 10) will 
reset the internal protection circuitry, and the device will 
return to standard operating mode (Figure 12 provides 
reset timing). After the sixth byte of this reset sequence 
has been issued, standard byte or page writing can 


commence. 














WRITES. 
ENABLED 





5094 FHD F13 





AA 55 20 + two SDP . 
1555 OAAA 1555 RESET 
DEVICE 
UNPROTECTED 
5094 FHD F14 
-25 t 
Temperature Range Tape & Reel 


TE7: 500/Reel 
TE13: 2000/Reel 






Speed 
25: 250ns 


30: 300ns 
35: 350ns 





28LV64 F17 


(1) The device used in the above example is a CAT28LV64HNI-25TE7 (100,000 Cycle Endurance, PLCC, Industrial temperature, 250 ns 


Access Time, Tape & Reel). 
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CAT28LV65 


64K-Bit CMOS E?PROM 


, 





FEATURES 


m@ 3.0V to 3.6V Supply 
m Read Access Times: 


m CMOS and TTL Compatible I/O 
m@ Automatic Page Write Operation: 


— 250/300/350ns — 1 to 32 Bytes in 5ms 
m Low Power CMOS Dissipation: — Page Load Timer 

~— Active: 8 mA Max. m End of Write Detection: 

— Standby: 100 WA Max. — Toggle Bit 
= Simple Write Operation: ~ SR VBUEY. 

— On-Chip Address and Data Latches - RDY. , 

— Self-Timed Write Cycle with Auto-Clear @ Hardware and Software Write Protection 
mg Fast Write Cycle Time: m@ 100,000 Program/Erase Cycles 

~ 5ms Max. m 100 Year Data Retention 


m@ Commercial and Industrial Temperature Ranges 


DESCRIPTION 


The CAT28LV65 is a low voltage, low power, CMOS 
EPROM organized as 8K x 8-bits. It requires a simple 
interface for in-system programming. On-chip address 
and.data latches, self-timed write cycle with auto-clear 


CAT28LV65 features hardware and software write 
protection. 





The CAT28LV65 is manufactured using Catalyst’s ad- 


and Vcc power up/down write protection eliminate addi- 
tional timing and protection hardware. DATA Polling 
RDY/BUSY and Toggle status bit signal the start and 





vanced CMOS floating gate technology. It is designed to 
endure 100,000 program/erase cycles and has a data 
retention of 100 years. The device is available in JEDEC 
approved 28-pin DIP, TSOP and SOIC or 32-pin PLCC 


end of the self-timed write cycle. Additionally, the 








and TSOP packages. 
BLOCK DIAGRAM 
ADDR. BUFFER ROW 8,192 x8 
ple DECODER 
& LATCHES ay 














HIGH VOLTAGE 







INADVERTENT 











Voc WRITE GENERATOR i saga a 
PROTECTION . 
= yy 
OE CONTROL 
WE LOGIC 
TY /O BUFFERS 
DATA POLLING, } 
TOGGLE BIT V/Oo-! 107 
ADDR. BUFFER 
Ag-A4 & LATCHES COLUMN 
DECODER 
RDY/BUSY 28LV65 FO1 


© 1996 by Catalyst Semiconductor, Inc. Characteristics subject to change without notice 
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PIN CONFIGURATION PIN FUNCTIONS 


DIP Package (P) | SOIC Package (dK) |PinName | Function | 






























a : of oS voc RDY/BUSY Voc Address Inputs 
le Ai2 WE (/Oo-l/O7 Data Inputs/Outputs 
A7 CT NC Az NC ave , 
Ag LI Ag Ag Ag Chip Enable 
As CI Ag 
AC A AS Ag Output Enable 
pes oa oa : i, all a | 
Socal A3 OE Write Enable 
ie bs . A10 A2 Aio 
Ay , CE Ay GE 3.0 to 3.6 V Supply 
Ag CI 07 A 
VO O Vg Wo We Vss Ground 
cee. & 05 No Connea 
oo 4 ie V0 oS 3 
Veet 103 ae a S RDY/BUSY| — Ready/BUSY Status 
PLCC Package (N) 
B TSOP Top View (8mm x 14mm) (T14) 
ia) TSOP Top View (8mm x 20mm) (T) 
a> Qn 
EERIE Ao 1 TI Ag 
NOOO fam bs ae 
0 = x eee 5 
Ag CI a= 4 Ag /Op 444 . LI Ag 
As A VO, C45 | 28 FI Az 
Ay Ait NC coxd7 © i 26 (— RDY/BUSY 
Ao TI TOP VIEW OE NC [9 2461 Voc 
An CO CE VO4, 22 FI WE 
° VO5 Co 21 3 NC 
NC : VO7 VOg << 13 20 FI Ag 


VOr CI 13 210 0 | 
” 14 15 16 17 18 19 20 : shod Med a 3 oe eee 


rNMNO Ot LO 
SQHVZO0C0 


28LV65 F02 * 28LV65 FO3 


TSOP Top View (8mm x 13.4mm) (T13) 





28LV65 F04 
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MODE SELECTION | 

Mode Sid? ve [Power 
ow ACTIVE 
ree ce 


Read and Write Inhibit High-Z ACTIVE 


na OUpUnE apace 
SAO a 





ABSOLUTE MAXIMUM RATINGS* *COMMENT 

Temperature Under Bias.............. wee 55°C to +125°C Stresses above those listed under “Absolute Maximum 

Storage Temperature ~65°C to +150°C Ratings” may cause permanent damage to the device. 

ce These are stress ratings only, and functional operation 

Voltage on Any Pin cles of the device at these or any other conditions outside of 
Respect to Ground®) ........... —2.0V to +Vcc + 2.0V those listed in the operational sections of this specifica- 

Vcc with Respect to Ground ............... —2.0V to +7.0V tion is not implied. Exposure to any absolute maximum 

Package Power Dissipation rating for extended periods may affect device perfor- 
Capability (Ta = 25°C) wo. ccececssesessssereeseeens 1.0W mance and reliability. Ex 

Lead Soldering Temperature (10 secs) ............ 300°C 

Output Short Circuit Current® 0. eee 100 mA 


RELIABILITY CHARACTERISTICS 


Neno) | Endurance = |t0#or 105| | Cycles/Byte| _ MIL-STD-883, Test Method 1033 


















Vzap(!) | ESD Susceptibility 2000 MIL-STD-883, Test Method 3015 
lerH((4)|— Latch-Up JEDEC Standard 17 


Note: 

(1) This parameter is tested initially and after a design or process change that affects the parameter. 

(2) The minimum DC input voltage is -0.5V. During transitions, inputs may undershoot to —2.0V for periods of less than 20 ns. Maximum DC 
voltage on output pins is Voc +0.5V, which may overshoot to Vcc +2.0V for periods of less than 20 ns. 

(3) Output shorted for no more than one second. No more than one output shorted at a time. 

(4) Latch-up protection is provided for stresses up to 100mA on address and data pins from —1V to Voc +1V. 
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D.C. OPERATING CHARACTERISTICS 


Voc = 3.0V to 3.6V, unless otherwise specified. 


Limits 


a 


loc Voc Current (Operating, TTL) mA | CE=OE=Vi, 
| f = 1/tRc min, All I/O’s Open 
Isso) | Voc Current (Standby, CMOS) 100 | pA | CE=Viuxtc, 
All /O’s Open 


lu | Input Leakage Current rs Vin = GND to Vcc 


ILo: Output Leakage Current —5 5 uA | Vout =GND to Vcc, 
CE = Vin 





vu | LowtevelinputVotege [-08 | | 0 | v_ 
ee 
vn | Weteinbevotage + @ | | fv 


Note: 
(1) Vic = Voc —0.3V to Voc +0.3V. 


A.C. CHARACTERISTICS, Read Cycle 
Voc = 3.0V to 3.6V, unless otherwise specified. 


| 28Lve5-25 | 28LV65-30 | 28LV65-35 ae! 


Symbol Parameter | | Min. Max. | Min. Max. | Min. Max. 
tcE CE Access Time a | 
tAA Address Access Time Pr. 4 
toe OE Access Time a 
tz") CE Low to Active Output 0. 
toiz(1) OE Low to Active Output in Oe 
~tyz(2) | GE High to High-Z Output = 
tonz()@) | OE High to High-Z Output i 4 
ef 


ton) Output Hold from Address Change 


Note: 
(1) This parameter is tested initially and after a design or process change that affects the parameter. 
(2) Output floating (High-Z) is defined as the state when the external data line is no longer driven by the output buffer. 
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Figure 1. A.C. Testing Input/Output Waveform() 
Vec - 0.3V CXR 
INPUT PULSE LEVELS REFERENCE POINTS 


0.0V ea 


Note: 
5 FHD FO3 
(1) Input rise and fall times (10% and 90%) < 10 ns. ae : 


Figure 2. A.C. Testing Load Circuit (example) 


Voc 






Device 
Under 
Test 


OUTPUT 
CL = 100 pF 


C, INCLUDES JIG CAPACITANCE 
5096 FHD F04 


A.C. CHARACTERISTICS, Write Cycle 
Voc = 3.0V to 3.6V, unless otherwise specified. 


28LV65-25 28LV65-30 28LV65-35 


F two Write Cycle Time ms 
Stas Address Setup Time 
| tay | Address Hold Time 




















° 
° 


toes | OE Setup tine 


© 
oO 


—_, 
oO ok, 


a_i, aah, pa § —_, 
Oo Poerl = 101 oO 


| 


oO J re —_, —_ 
: oO1 O1 on j=) 


2) ; 
OE Hold Time 
WE Pulse Width 
(1) . . . 


=: 


aah, 

oO om, 
als 

a 7) 





© Pee as Be 


Oo 
as 
oO 9 
ais 


N 
NO 
=) 
NO 
NO 
ro) 
NO 
NO 
jo) 





Note: 

(1) This parameter is tested initially and after a design or process change that affects the parameter. 

(2) Awrite pulse of less than 20ns duration will not initiate a write cycle. 

(3) A timer of duration tgic max. begins with every LOW to HIGH transition of WE. If allowed to time out, a page or byte write will begin; 
however a transition from HIGH to LOW within tgic max. stops the timer. 
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DEVICE OPERATION 


Read 


Data stored in the CAT28LV65 is transferred to the data 
bus when WE is held high, and both OE and CE are held 
low. The data bus is set to a high impedance state when 
either CE or OE goes high. This 2-line control architec- 
ture can be used to eliminate bus contention in a system 
environment. : 


Figure 3. Read Cycle 


ADDRESS 


tOLZ 


DATA OUT ellen 


Figure 4. Byte Write Cycle [WE Controlled] 


=e Wi | 
«= TT 


patacut (XXXXXXXY) 


“mn KXXXXXXK———erravans XK RXXXXXNK SKKXXKXXER)— 
tps tDH- 


(YMfoaravao KXXXKK _oavavauio 
TAA 


OO OOOO KY 


Preliminary 


Byte Write 


Awrite cycle is executed when both CE and WE are low, 
and OE is high. Write cycles can be initiated using either 
WE or CE, with the address input being latched on the 
falling edge of WE or CE, whichever occurs last. Data, 
conversely, is latched on the rising edge of WE or CE, 
whichever occurs first. Once initiated, a byte write cycle 
automatically erases the addressed byte and the new 
data is written within 5 ms. 


tOHZ 


tOH tHZ 


twc 








WITT. 
ANARANRANNNN ANRNRRANY 
NANNADANNRANNY 


tBLC 
HIGH-Z 


> 
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Page Write 


The page write mode of the CAT28LV65 (essentially an 
extended BYTE WRITE mode) allows from 1 to 32 bytes 
of data to be programmed within a single E7PROM write 
cycle. This effectively reduces the byte-write time by a 
factor of 32. 


Following an initial WRITE operation (WE pulsed low, for 
twp, and then high) the page write mode can begin by 
issuing sequential WE pulses, which load the address 
and data bytes into a 32 byte temporary buffer. The page 
address where data is to be written, specified by bits As 
to A12, is latched on the last falling edge of WE. Each 
byte within the page is defined by address bits Ao to Aq 


Figure 5. Byte Write Cycle [CE Controlled] 


ADDRESS 
ea 
CE 
OE S/T 
toES 
tcs 
we \\\AA\N 
~<-tRB 
__. —s— HIGH-Z 
RDY/BUSY 
HIG 
DATA OUT 
DATA IN 


tos 


Figure 6. Page Mode Write Cycle 
OE 


ADDRESS 


| 


BYTE 0 SOXEXREKEKHOEX XX, 1 


(OOOO XKMKKND 


CH 


H-Z 


RRR Kawano XR 
XR 
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(which can be loaded in any order) during the first and 
subsequent write cycles. Each successive byte load 
cycle must begin within tsic max of the rising edge of the 
preceding WE pulse. There is no page write window 
limitation as long as WE is pulsed low within tatc max. 


Upon completion of the page write sequence, WE must 
stay high a minimum of tatc max for the internal auto- 
matic program cycle to commence. This programming 
cycle consists of an erase cycle, which erases any data 
that existed in each addressed cell, and a write cycle, 
which writes new data back into the cell. A page write will 
only write data to the locations that were addressed and 
will not rewrite the entire page. 








tBLC 


RRR, 

ae 
WAAAY 
iauui6é8. ILILLLLLLLX 


HIGH-Z 


-—-—-—_-——_——— 


X, RXXXXXKXKX)— 


t 28LV65 FO9 
DH 


rn aa 


comin Weel 


XOX XXXXKXXKKXXKX XXX 


BYTE 2 


7 _X___X_astave_)-—— BYTE 


BYTE n BYTE n+1 BYTE n+2 
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DATA Polling 


DATA polling is provided to indicate the completion of 
write cycle. Once a byte write or page write cycle is 
initiated, attempting to read the last byte written will 
output the complement of that data on 1/O7 (I/Oo—I/O6 
are indeterminate) until the programming cycle is com- 
plete. Upon completion of the self-timed write cycle, all 
I/O’s will output true data during a read cycle. 


Toggle Bit 


In addition to the DATA Polling feature, the device offers 
an additional method for determining the completion of 
a write cycle. While a write cycle is in progress, reading 


Figure 7. DATA Polling 


Preliminary 


data from the device will result in l/Og toggling between 
one and zero. However, once the write is complete, I/O 


stops toggling and valid data can be read from the 


device. 


Ready/BUSY (RDY/BU SY) 


The RDY/BUSY pin is an open drain output which 
indicates device status during programming. It is pulled 
low during the write cycle and released at the end of 
programming. Several devices may be OR-tied to the 
same RDY/BUSY line. 





CE 


tOEH 


. TAK 
/O7 Din =X 


Figure 8. Toggle Bit 


WE 
CE : 
tOEH 
= > tOE 
0g (1) 


Note: 


(1) Beginning and ending state of |/Og is indeterminate. 


oe a 


ope 


{ DouT =X { Dout = X = 
: 5094 Fi4 
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HARDWARE DATA PROTECTION 
The following is a list of hardware data protection fea- 
tures that are incorporated into the CAT28LV65. 


(1) Vcc sense provides for write protection when Vcc 
falls below 2.0V min. 


(2) A power on delay mechanism, tinit (See AC charac- 
teristics), provides a 5 to 10 ms delay before a write 
sequence, after Vcc has reached 2.40V min. 


(3) Write inhibit is activated by holding any one of OE 
low, CE high or WE high. 


Figure 9. Write Sequence for Activating Software 
Data Protection | 


WRITE DATA: AA 
ADDRESS: 1555 


WRITE DATA: 55 
ADDRESS: OAAA 


WRITE DATA: AO 
ADDRESS: 1555 





SOFTWARE DATA (1) . 
PROTECTION ACTIVATED 





WRITE DATA: XX 
TO ANY ADDRESS 


- WRITE LAST BYTE 


TO 
LAST ADDRESS 
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Note: 


CAT28LV65 


(4) Noise pulses of less than 20 ns on the WE or CE 
inputs will not result in a write cycle. 


SOFTWARE DATA PROTECTION 

The CAT28LV65 features a software controlled data 
protection scheme which, once enabled, requires a data 
algorithm to be issued to the device before a write can be 
performed. The device is shipped from Catalyst with the 
software protection NOT ENABLED (the CAT28LV65 is 
in the standard operating mode). 


Figure 10. Write Sequence for Deactivating 
Software Data Protection 


WRITE DATA: AA 
ADDRESS: 1555 


WRITE DATA: 55 
ADDRESS: OAAA 


WRITE DATA: 80 
_ ADDRESS: 1555 


WRITE DATA: AA 
ADDRESS: 1555 


WRITE DATA: 55 
ADDRESS: OAAA 


WRITE DATA: 20 
ADDRESS: 1555 
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(1) Write protection is activated at this point whether or not any more writes are completed. Writing to addresses must occur within tgic 


Max., after SDP activation. 
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CAT28LV65 


To activate the software data protection, the device must 
be sent three write commands to specific addresses with 
specific data (Figure 9). This sequence of commands 
(along with subsequent writes) must adhere to the page 
write timing specifications (Figure 11). Once this is done, 
all subsequent byte or page writes to the device must be 
preceded by this same set of write commands. The data 
protection mechanism is activated until a deactivate 
sequence is issued regardless of power on/off transi- 
tions. This gives the user added inadvertent write pro- 
tection on power-up in addition to the hardware protec- 
tion provided. 3 . 


Figure 11. Software Data Protection Timing 









DATA AA 55 
ADDRESS 1555 OAAA 
CE 

5 ————) 

WE 3 


Figure 12. Resetting Software Data Protection Timing 


DATA AA 55 80 
ADDRESS 1555 OAAA 1555 
CE 
ao 
WE : 
ORDERING INFORMATION 
Prefix | Device # Suffix 
CAT 28LV65 H N 















Endurance ~ 
Blank = 10,000 Cycle 
H = 100,000 Cycle 





Optional 
Company 
ID 





Product 
Number 


Package 
P: PDIP 





K: SOIC (ElAu) 
N: PLCC 


Notes: 


AA 
1555 





Temperature Range 
Blank = Commercial (0°C to +70°C) 
| = Industrial (-40°C to +85°C) 


J: SOIC (JEDEC) 


T: TSOP (8mmx20mm) 
T13: TSOP (8mmx13.4mm) 
114: TSOP (8mmx14mm) 


Preliminary 


To allow the user the ability to program the device with 


~anE2PROM programmer (or for testing purposes) there 


is a software command sequence for deactivating the 
data protection. The six step algorithm (Figure 10) will 
reset the internal protection circuitry, and the device will 
return to standard operating mode (Figure 12 provides 
reset timing). After the sixth byte of this reset sequence 
has been issued, standard byte or page writing can 
commence. | 


two 














BYTE OR 
PAGE 


WRITES 
ENABLED 









5094 FHD F13 


55 20 two SDP 
OAAA 1555 RESET 
DEVICE 
UNPROTECTED 
5094 FHD F14 
| -25 TE7 


Tape & Reel 
TE7: 500/Reel 
TE13: 2000/Reel 


Speed 
25: 250ns 






30: 300ns 
35: 350ns 














28LV65 F17 


(1) The device used in the above example is a CAT28LV65HNI-25TE7 (100,000 Cycle Endurance, PLCC, Industrial temperature, 250 ns 


Access Time, Tape & Reel). 


Preliminary 


CAT28LV256 


256K-Bit CMOS E?7PROM 


FEATURES 


3.0V to 3.6V Supply 
Read Access Times: 250/300/350 ns 


Low Power CMOS Dissipation: 

— Active: 8 mA Max. 

— Standby: 100 WA Max. 

Simple Write Operation: 

— On-Chip Address and Data Latches 

— Self-Timed Write Cycle with Auto-Clear 


Fast Write Cycle Time: 
— 10ms Max. 


m= Commercial and Industrial Temperature Ranges 


DESCRIPTION 


The CAT28LV256 is a fast, low power, low voltage 
CMOS E?PROM organized as 32K x 8-bits. It requires a 
simple interface for in-system programming. On-chip 
address and data latches, self-timed write cycle with 
auto-clear and Vcc power up/down write protection 
eliminate additional timing and protection hardware. 
DATA Polling and Toggle status bits signal the start and 
end of the self-timed write cycle. Additionally, the 
CAT28LV256 features hardware and software write 





BLOCK DIAGRAM 


ADDR. BUFFER 


Ag-At4 & LATCHES 


INADVERTENT 








Voc WRITE 
PROTECTION 
cE Py | 
OE CONTROL 
WE LOGIC 
TIMER 
ae ADDR. BUFFER 
os & LATCHES 


© 1996 by Catalyst Semiconductor, inc. 













ROW 
DECODER 


HIGH VOLTAGE 
GENERATOR 


MICATREYST 


m@ CMOS and TTL Compatible I/O 


m Automatic Page Write Operation: 
— 1 to 64 Bytes in 10ms 


— Page Load Timer 


End of Write Detection: 
~— Toggle Bit 
— DATA Polling 


Hardware and Software Write Protection 
100,000 Program/Erase Cycles 
100 Year Data Retention 


protection and an internal Error Correction Code (ECC) 
for extremely high reliability. 


The CAT28LV256 is manufactured using Catalyst’s 
advanced CMOS floating gate technology. It is designed 
to endure 100,000 program/erase cycles and has a data 
retention of 100 years. The device is available in JEDEC— 
approved 28-pin DIP, 28-pin TSOP, 32-pin PLCC or 32- 
pin PLCC, and TSOP, packages. | 


32,768 x 12 
E2PROM 
ARRAY 


64 BYTE PAGE 
REGISTER 


ae 





/O BUFFERS 
DATA POLLING 
AND 
} | TOGGLE BIT VO9-/07 


5096 FHD F02 


Characteristics subject to change without notice 


CAT28LV256 a, | 3 Preliminary 





PIN CONFIGURATION | oo ~ PIN FUNCTIONS 


DIP Package (P) PLCC Package (N) | Pin Name | 














_ Address Inputs 





. I/Oo—-1/O7 Data Inputs/Outputs 
13 AE 

Ag Ag | OF Output Enable 

Ait A414 — 

OE NC Write Enable 

A10 OE | Voc —«|-—«8.0V- 8.6V Suppl 
ae Aas CC pply 
/Os 13 VOg 

~ 14 15 16 17 18 19 20 

| 

/03 








TSOP Top View (8mm X 13.4mm) (T13) 
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Preliminary 


CAPACITANCE Ta = 25°C, f = 1.0 MHz 


Input/Output Capacitance 


4 
* 


CAT28LV256 





Input Capacitance 


ABSOLUTE MAXIMUM RATINGS* 


Temperature Under Bias................0. —55°C to +125°C 
Storage Temperature ..........cccccccceee —65°C to +150°C 
Voltage on Any Pin with 

Respect to Ground?) ........... ~2.0V to +Vcc + 2.0V 
Vcc with Respect to Ground ............... —2.0V to +7.0V 
Package Power Dissipation 

Capability (Ta = 25°C) .......ceccssssssseeeseereeens 1.0W 
Lead Soldering Temperature (10 secs) ............ 300°C 
Output Short Circuit Current®) 0... eee 100 mA 


RELIABILITY CHARACTERISTICS 








Tor 


Vzap() ESD Susceptibility 2000 
‘Ica | Latch-Up 






MODE SELECTION 


Byte Write (WE Controlled) 


Byte Write (CE Controlled) 
Standby, and Write Inhibit 


Cia 
Data Retenion | 100 | 





*COMMENT 


Stresses above those listed under “Absolute Maximum 
Ratings” may cause permanent damage to the device. 
These are stress ratings only, and functional operation 
of the device at these or any other conditions outside of 
those listed in the operational sections of this specifica- 
tion is not implied. Exposure to any absolute maximum 
rating for extended periods may affect device perfor- 
mance and reliability. 


Test Method 










Read and Write Inhibit 


Note: 


(1) This parameter is tested initially and after a design or process change that affects the parameter. 

(2) The minimum DC input voltage is -0.5V. During transitions, inputs may undershoot to —2.0V for periods of less than 20 ns. Maximum DC 
voltage on output pins is Voc +0.5V, which may overshoot to Voc +2.0V for periods of less than 20 ns. 

(3) Output shorted for no more than one second. No more than one output shorted at a time. 

(4) Latch-up protection is provided for stresses up to 100mA on address and data pins from —1V to Voc +1V. 
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CAT28LV256 | | Preliminary | 


_ D.C. OPERATING CHARACTERISTICS 
Vcc = 3.0V to 3.6V, unless otherwise specified 










Limits 
Test Conditions 


CE = OF = Vit, 
f = 1/tRc min, All 1/O’s Open 


CE = Vic, 
All I/O’s Open 


Vin = GND to Vcc 
Vout = GND to Vcc, 


| Symbol _ Parameter 


Vcc Current (Operating, TTL) 

Ispo™) Vcc Current (Standby, CMOS) 
fu Input Leakage Current 
ILo 


La Output Leakage Current 


~ 


ol 


oo) 
Ee a 









[put Leakage Curent 


Note: 
(1) Vinc = Voc -0.3V to Voc +0.3V. 





A.C. CHARACTERISTICS, Read Cycle 
Vcc = 3.0V to 3.6V, unless otherwise specified 


Address Access Time 
(1) 
)(2) 
(1)(2) 


OE Access Time 


‘CE Low to Active Output - 


OE Low to Active Output 

CE High to High-Z Output 

OE High to High-Z Output 
Output Hold from Address Change 


Note: — 
(1) This parameter is tested initially and after a design or process change that affects the parameter. 
(2) Output floating (High-Z) is defined as the state when the external data line is no longer driven by the output buffer. 
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Preliminary CAT28LV256 


Figure 1. A.C. Testing Input/Output Waveform(1) 


Voc - 0.3V 


2.0V 
INPUT PULSE LEVELS REFERENCE POINTS 
0.6V 


0.0V 
28LV256 FOS 


Note: 
(1) Input rise and fall times (10% and 90%) < 10 ns. 


Figure 2. A.C. Testing Load Circuit (example) 


1.8K 









DEVICE 
UNDER 
TEST 


OUTPUT 


y 


C, INCLUDES JIG CAPACITANCE 






C, = 100 pF 


28LV256 FO6 


A.C. CHARACTERISTICS, Write Cycle 
Vcc = 3.0V to 3.6V, unless otherwise specified 





















—_ aa 
© © 
= —: ear 
O1 O1 Ol © 
© © io) 
—_— ~_ 
fe) © 





[tos | Data Seuptine 
| 
| 


Note: 

(1) This parameter is tested initially and after a design or process change that affects the parameter. 

(2) Awrite pulse of less than 20ns duration will not initiate a write cycle. 

(3) A timer of duration tg_c max. begins with every LOW to HIGH transition of WE. If allowed to time out, a page or byte write will begin; 
however a transition from HIGH to LOW within tgic max. stops the timer. 





(2) on | — 
=|; A}O;o6/;O O1 
on io) ©O 


ank 
© 
oO 
co) 
Mery 
O1 
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CAT28LV256 


DEVICE OPERATION 


Read 


_ Data ‘stored in the CAT28LV256 is transferred to the 
data bus when WE is held high, and both OE and CE are 


held low. The data bus is set to a high impedance state © 


when either CE or OE goes high. This 2-line control 
architecture can be used to eliminate bus contention in 
a system environment. 


_ Figure 3. Read Cycle 


ADDRESS 


tOLz 
DATA OUT AUELAW 


Figure 4. Byte Write Cycle [WE Controlled] 


ADDRESS 
tas tAH 


= Wh | 
= TTT 


QO 
m 


O 
m 


toES twp 


pataout KKK) 
DATA IN 


ips 


, two : 
KAKO OO 


_ HIGH-Z 


Preliminary 


Byte Write 


Awrite cycle is executed when both CE and WE are low, 
and OE is high. Write cycles can be initiated using either 
WE or CE, with the address input being latched on the 
falling edge of WE or CE, whichever occurs last. Data, 
conversely, is latched on the rising edge of WE or CE, 
whichever occurs first. Once initiated, a byte write cycle 
automatically erases the addressed byte and the new 
data is written within 10 ms. 


tOHZ 
tOH tHZ 


CY yfoara vaio KEXKRKonravatio 
tA 


A 
28LV256 FO6 








WITT 
ANARANNNRNNNARNRRNRNY 
NRANANANRARANY 


'BLC: 
SSS Se 


OY) OX XKXEXHY KKXXXXXKKRKKN— 


tDH 
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Preliminary 


Page Write 


The page write mode of the CAT28LV256 (essentially 
an extended BYTE WRITE mode) allows from 1 to 64 
bytes of data to be programmed within a single E7PROM 
write cycle. This effectively reduces the byte-write time 
by a factor of 64. 


Following an initial WRITE operation (WE pulsed low, for 
twp, and then high) the page write mode can begin by 
issuing sequential WE pulses, which load the address 
and data bytes into a 64 byte temporary buffer. The page 
address where data is to be written, specified by bits Ag 
to A14, is latched on the last falling edge of WE. Each 
byte within the page is defined by address bits Ao to As 


Figure 5. Byte Write Cycle [CE Controlled] 


ADDRESS 


0 ////L/L} 


We \\\\\\) 


toES 


OX XA IIMA 


CAT28LV256 


(which can be loaded in any order) during the first and 
subsequent write cycles. Each successive byte load 
cycle must begin within tac max of the rising edge of the 
preceding WE pulse. There is no page write window 
limitation as long as WE is pulsed low within taic max. 


Upon completion of the page write sequence, WE must 
stay high a minimum of tatc max for the internal auto- 
matic program cycle to commence. This programming 
cycle consists of an erase cycle, which erases any data 
that existed in each addressed cell, and a write cycle, 
which writes new data back into the cell. A page write will 
only write data to the locations that were addressed and 
will not rewrite the entire page. 


twc 


XXX 
WA 


Be ANUUNANNNAN Ty 
TT Ts _ 
———— a 


tCH 


HIGH-Z 

DATA OUT 

a 00 CTD VOU 
tps tDH 


Figure 6. Page Mode Write Cycle 


5096 FHD F07 


eff ——CNAAN 
OE 
5 
@#~ \_ LP MD MD. JD [TD ST, 
twP tBLC 
WE \ \ / \ 


—twe 


BYTEO BYTE1 BYTE 2 BYTE n BYTE n+1 BYTE n+2 
. 5096 FHD F10 
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CAT28LV256 


DATA Polling 


DATA polling is provided to indicate the completion of 
write cycle. Once a byte write or page write cycle is 
initiated, attempting to read the last byte written will 
output the complement of that data on 1/07 (I/Oo—!/O6 
are indeterminate) until the programming cycle is com- 
plete. Upon completion of the self-timed write cycle, all 
I/O’s will output true data during a read cycle. 


Figure 7. DATA Polling 


ADDRESS 





CE ; 
WE 
tOEH ie 
. 4 two 


Figure 8. Toggle Bit 


WE 


tOEH 


{OE 
/06 


(1) 


Note: : | 
(1) Beginning and ending state of I/Og is indeterminate. 


OOKKREKX 


Tp 


8-78 


Preliminary 


Toggle Bit 


In addition to the DATA Polling feature, the device can 
determine the completion of a write cycle, while a write 
cycle is in progress, by reading data from the device. 
This results in I/Og toggling between one and zero. Once 
the write is complete, however, |I/Og stops toggling and 
valid data can be read from the device. 


i, re ee eee 


_ 


OX 


~~. 


{ Dout =X ) { DoutT=X )- 
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(1) 


two 
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Preliminary 


HARDWARE DATA PROTECTION 


The following hardware data protection features are 
incorporated into the CAT28LV256. 


(1) Voc sense provides write protection when Vcc falls 
below 2.0V min. : 


(2) Apower on delay mechanism, tinit (See AC charac- 
teristics), provides a 5 to 10 ms delay before a write 
sequence, after Vcc has reached 2.4V min. 


(3) Write inhibit is activated by holding any one of OE 
low, CE high, or WE high. 


Figure 9. Write Sequence for Activating Software 
Data Protection : 


WRITE DATA: AA 
ADDRESS: 5555 


WRITE DATA: —55 
| ADDRESS:  2AAA 


WRITE DATA: AO 
ADDRESS: 5555 





SOFTWARE DATA (1) 
PROTECTION ACTIVATED 





WRITE DATA: XX 
TO ANY ADDRESS 


WRITE LAST BYTE 


TO 
LAST ADDRESS 





5096 FHD F08 


Note: 


CAT28LV256 


(4) Noise pulses of less than 20 ns on the WE or CE 
inputs will not result in a write cycle. 


SOFTWARE DATA PROTECTION 


The CAT28LV256 features a software controlled data 
protection scheme which, once enabled, requires a data 
algorithm to be issued to the device before a write can be 
performed. The device is shipped from Catalyst with the 
software protection NOT ENABLED (the CAT28LV256 
is in the standard operating mode). 


Figure 10. Write Sequence for Deactivating 
Software Data Protection 


WRITE DATA: AA 
ADDRESS: 5555 


WRITE DATA: 55 
ADDRESS: 2AAA 


WRITE DATA: 80 
ADDRESS: 5555 


WRITE DATA: AA 
ADDRESS: 5555 


WRITE DATA: 55 
ADDRESS: 2AAA 


WRITE DATA: 20 
ADDRESS: 5555 
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(1) Write protection is activated at this point whether or not any more writes are completed. Writing to addresses must occur within taic 


Max., after SDP activation. 
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CAT28LV256 


To activate the software data protection, the device must 


be sent three write commands to specific addresses with 
specific data (Figure 9). This sequence of commands 
(along with subsequent writes) must adhere to the page 
write timing specifications (Figure 11). Once this is done, 


all subsequent byte or page writes to the device must be » 


preceded by this same set of write commands. The data 
protection mechanism is activated until a deactivate 
sequence is issued, regardless of power on/off transi- 
tions. This gives the user added inadvertent write pro- 
tection on power-up in addition to the hardware protec- 
tion provided. 


Figure 11. Software Data Protection Timing 


55 
2AAA 


DATA 
ADDRESS 









CE 


Figure 12. Resetting Software Data Protection Timing 


DATA AA 55 80 
ADDRESS 5555 2AAA 5555 


CE 


? an 
WE 


ORDERING INFORMATION 


Prefix | Device # Suffix | 


28LV256 H N 


Endurance 
Blank = 10,000 Cycle 
H = 100,000 Cycle 


Package 
P: PDIP 
N: PLCC 


CAT 


Optional 
eompany 






Product 
‘| Number 


-T13: TSOP (8mmx13.4mm) 
T14: TSOP (8mmx14mm) 


Notes: 





Blank = Commercial (0°C to +70°C) 
| = Industrial (-40°C to +85°C) 





Preliminary 


- To allow the user the ability to program the device with 


an E2PROM programmer (or for testing purposes) there 
is a software command sequence for deactivating the 


data protection. The six step algorithm (Figure 10) will 


reset the internal protection circuitry, and the device will 
return to standard operating mode (Figure 12 provides 
reset timing). After the sixth byte of this reset sequence 
has been issued, standard byte or page writing can 
commence. | 






BYTE OR 
PAGE 


WRITES 
ENABLED 









5096 FHD F13 


AA 55 20 + twc-»| SDP 
5555 2AAA 5555 RESET 
DEVICE 
UNPROTECTED 
5096 FHD F14 
-25 ' 
Temperature Range Tape & Reel 


TE7: 500/Reel 
TE13: 2000/Reel 





Speed 
25: 250ns 


30: 300ns 
35: 350ns 


28LV256 F1i6 





(1) The device used in the above example is a CAT28LV256HNI-25TE7 (100,000 Cycle Endurance, PLCC, Industrial temperature, 250 ns 


Access Time, Tape & Reel). 
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Product Information 

I?C Bus Serial E7PROMs 
Microwire Bus Serial E7PROMs 
SPI Bus Serial E7PROMs 
Secure Access Serial E7PROMs 
NVRAMs 

Flash Memories 

Parallel E7-PROMs 

Mixed Signal Products 
Application Notes 

Quality and Reliability 

Die Products 


General Information 
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CAT104/105 


12 Bit, 25MHz D/A Converter 


FEATURES 


m@ 40ns maximum settling time (1/2 LSB ) 
m@ 25 MHz update rate 

m@ 1/2 LSB Integral Non-Linearity 

m 1/2 LSB Differential Non-Linearity 

m 25 ppmFC internal voltage reference 

m@ Low Power BiCMOS construction 

m Single Supply operation ( +5 V) 


DESCRIPTION 


The CAT104 and CAT105 are monolithic 12-bit current 
output D/A converters designed for precision high 
speed data conversion applications. Powered from a 
single +5 Volt supply the CAT104 and CAT105 will 
source 40 mA of current into a 25 Ohm load at clock 
speeds of 25 MHz while maintaining 1/2 LSB accuracy. 
Settling time is 40 ns to .012% of Full Scale. 


Fabricated in a2.0 micron BiCMOS process, the CAT 104 
and CAT105 incorporate on-chip EEPROM driven trim 
circuitry for factory correction of all silicon and package 
induced errors. Gain error is adjusted to below <0.2 % 


FUNCTIONAL DIAGRAM 





CAT104/105 


12-BIT O 
DATA : 
BUS O 


CLOCK* 


VOLTAGE 
REFERENCE 


FSapDJUST 


*CAT105 ONLY 


© 1996 by Catalyst Semiconductor, Inc. 
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SEMI CONDUCTOR 


APPLICATIONS 


m@ Arbitrary Waveform Generators 
@ Direct Digital Synthesis (DDS) 
m@ High Resolution A/D Converters 
m@ Automatic Test Equipment 

m High Definition Video 


and linearity to .012 %. Monotocity is guaranteed over 
the full operating temperature range. The CAT104 and 
CAT105 include an on-chip voltage reference which is 
EEPROM trimmed to achieve a typical drift with tem- 
perature of 25 ppm/°C. 


Data interface is via a 12 bit parallel bus and directly 
~ accesses the D/A in the CAT104, while the CAT105 
provides a clocked data input register. 


The CAT104 and CAT105 are pin compatible with 
Brooktree’s Bt 104 & Bt 105 while offering improved 
performance. The device is available in 24-pin Ceramic 
DIP package. 





PIN CONFIGURATION 


Vg DIP Package (P) 


lout 
CAT104 
CAT105* 
© REF 
O COMP 





Characteristics subject to change without notice 


CAT104/105 





ABSOLUTE MAXIMUM RATINGS* 


* Stresses above those listed under Absolute Maximum Ratings 


Supply Voltage may cause permanent damage to the device. Absolute 
Vc 10 GND a sctednineesvcpenatiecedtatarnedsmncaes —0.5V to +7V Maximum Ratings are limited values applied individually while 
inputs | firdlonal opetston at any ol theee carvan 4 NOT iiolod. 
Do-Di1 to GND diesels en ge ewan ese —0.5V to Vs +0.5V perks serornane: and reliability may be impaired by ponui 
FSapsust to GND uu... eee —0.5V to Vs +0.5V to absolute rating conditions for extended periods of time. 
COMP to GND 1... ecececeeeseeeeees —0.5V to Vs +0.5V 
CLOCK to GND... ceeeeeeeeees —0.5V to Vs +0.5V 
LUE Fe ce oavmaccnuseayonceaadeeanesnlausacuner se orsendcclaae +10 mA 
Outputs | 
Analog Output Current (lout) «......csseseeeeeeeeees 50 mA 
Analog Output Voltage (lout) ... Vs~ 7V to Vst 0.5V 
Analog Output Short Circuit Duration.......... Infinite 
Operating Ambient Temperature 
Commercial (‘C’ suffix) ...............000008 0°C to +70°C 
Storage Temperature ..........0:cccsscee —65°C to +150°C 
Lead Soldering (10 sec MaX).............:::s00seseeeees +300°C 


RELIABILITY CHARACTERISTICS 
Symbol i | Test Method 


‘ 


ESD Susceptibility 2000 Volts |. MIL-STD-883, Test Method 3015 
rH) Latch-Up | 100 | | mA JEDEC Standard 17 


NOTES: 1. This parameter is tested initially and after a design or process change that affects the parameter. 
2. Latch-up protection is provided for stresses up to 100mA on address and data pins from —1V to Vcc + 1V. 


DC ELECTRICAL CHARACTERISTICS: Vs = +5V +0.25V; lout (FS) = 40mA, unless otherwise specified 


[Symbol | Parameter _——+| Conditions _—_—~(|_-win_| Typ | Max | Unite 
[Resolttion| CT —“(‘“‘(CS*rLSCt | TC its 
oe 





Integral Linearity Error CAT104A/105A 


Differential Linearity Error 


Zero Offset Error 


Gain Error Internal Reference 


External Reference ae ae 


Accuracy 










Monotool 





Analog Output 


Output Current 
Output Compliance 


Output impedance as 
Reference - 7 





Operating Voltage Range 
Internal Reference Voltage 





Temperature Coefficient 





CAT104/105 


DC ELECTRICAL CHARACTERISTICS (Cont.): Vs = +5V +0.25V; lout (FS) = 40mA, unless otherwise specified 


‘Symboi | Paremeier_——~«|_—Condtions——=«|~sMin_“| ‘Typ (| Max | Units 


Power Supply 
Vs SuppyVolageRange «| SSS~<“~*~—~sSC‘ BSTC‘ STS TV 
Is Supply Current 25 MHz, lout = 40 mA — = | 60 | 75 mA 


V 
mA 
PSRR Power Supply Rejection Ratio COMP = 0.01 uF 0.02 0.5 %/YAVS 
f= 1 kHz ) 


AC ELECTRICAL CHARACTERISTICS: Vs = 5V +0.25V; Ry = 25Q; lout (FS) = 40 mA. 
Logic inputs: OV-3V; t, and t< 3 ns, unless otherwise specified 


Data Inputs 

Register Clock Rate 

Clock Cycle Time 

Clock Pulse Width High Time 
Clock Pulse Width Low Time 
Data Setup Time 

Data Hold Time 


| ——s|__ Pipeline Delay 


Analog Output 


Output Delay 
tr 
tf 

































aS 
oO 





1 
2 


CAT105 Only 1 


—| — 
O!;O;0O 





NO 
ol 


Pie | Output Rise Time 
Output Fall Time een ne eal 
Output Settling Time 
Glock and Data Feedthrough | 
-Gitch impulse | 
oe ee eel 
Lee eet 


ie) 





Differential Gain Error 
Differential Phase Error 


Pin Capacitance 


Input Capacitance, Do-D11, CLK} Vin = 2.4V, f= 1 MHz 








Output Capacitance, Pin 6 lout = 0 mA, f= 1 MHz 


NOTES: 1. Clock and Data feedthrough is function of the magnitude of overshoot and undershoot on the digital inputs. While testing, the 
digital inputs have a 1k ohm resistor connected to the regular PCB ground plane and are driven by 74 HC logic. Clock and data 
feedthrough are excluded from the settling time, where as they are included in glitch impulse. (Test bandwidth = 50 MHz.) 
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AC TIMING DIAGRAM 


PARAMETER : MEASURED 


CAT104 NAME FROM 


Do-D44 


FROM: 
TO: 


louT 


FROM: 
TO: 





CAT105 


CLOCK 
FROM: 


TO: 
FROM: 
TO: 


FROM: 


TO: 
Do-D4 


FROM: 
TO: 


FROM: 
TO: 


louT 


FROM: 


TO: 


FROM: 
TO: 


louT 


FROM: 
TO: 
FROM: 


TO: 
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Data Valid 


50% of FS output 


50% of FS output 


Output within 


allowed error band 
(1/2 LSB or 1 LSB) 


50% point of 
falling edge 
50% point of 
rising edge 
50% point of 
rising edge 
50% point of 
falling edge 
50% point of 
rising edge 


50% point of 
next rising edge 


Data valid 
50% point of 
clock's next 
rising edge 


End of tps period 


data invalid 


50% point of 
clock's 
rising edge 


50% of FS output 
50% of FS output 


Output within 
allowed 
error band 


(1/2 LSB or 1 LSB) 


10% point of FS 


output 


90% point of FS 


output 


90% point of FS 


output 


10% point of FS 


output 


MIN 
MAX 


Max 


Max 


Min 


Max 


Max 


Max 


Max 
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Pin Descriptions 


Reference Current Output. The DAC’s full scale output current is set by IREF, 
which is normaly connected to FSapyusT and a resistor, Rset. The full scale 
output current is then determined by the value of Rs_er. 


Compensation pin. This pin must be connected to the Vs pin through a ceramic 
capacitor. This capacitor provides power supply noise rejection and reduces the 


to set IREF. 

3, 4, 22, 23 Vs 

5, 7,21 GND 
lOUT 


Do-D44 


to Vs or GND. 
Clock or N/C 


FSADJUST 


tied to Vs. 





TERMS AND DEFINITIONS 


Differential Non-Linearity (DNL): The maximum devia- 
tion from an ideal LSB step, between any two adjacent 
output levels. A DNL error more negative than -1 LSB 
implies non-monotonic output performance. 


Full Scale Output Current: The output current at lout 
resulting from all 1's at the data inputs. 


Gain Error: The variation in the slope (gain) of the 
transfer function of a converter with respect to an estab- 
lished ideal transfer function. This error is expressed in % 
of FS (Full Scale) or LSB, when all bits are on, and may 
be eliminated by adjusting the reference current applied 
to the device. 


Glitch Impulse Area: The analog output transient occur- 
ring between two adjacent codes as a result of unequal 
_ turn-on and turn-off times for the internal current sources. 
Glitch impulse is calculated as the area of the largest 
excursion, about the final value, and is specified as the 
net area of the glitch in nV-sec or pA-sec. 


Integral Non-Linearity (INL): The maximum deviation 


between the actual output level and a best straight line fit. 


This excludes gain and offset errors. 


Least-Significant Bit (LSB): The ideal output increment 


random noise of the internal bandgap reference. The capacitor can be between 
0.01 uF and 0.1 LF, with 0.01uF being the recommended value. When an 
external reference voltage is used COMP is used in conjunction with FSapyust 


The positive supply voltage, nominally +5V. 

Ground return for all signals (digital and analog) and Vs. 

Analog Current Output. This high impedance current source is capable of 
sourcing up to 40 mA of current. 


TTL compatible Data Inputs. Pin Do is the least significant data bit. For CAT105, 
the inputs are latched on the rising edge of clock. All unused inputs must be tied 


Clock Input for CAT105. The rising edge of Clock latches the Do-D 4 inputs. 
Ideally, this pin should be driven by a dedicated TTL/CMOS buffer. This pin is 
not used on CAT104 and may be left floating without affecting performance. 


Full Scale Adjust Control. When the internal reference voltage is used, the full 
scale output current is controlled by the resistor RseT, connected between this 
input pin and GND. When an external voltage reference is used, FSap ust is 


between two adjacent codes. Also, the data bit with the 
smallest effect on the output level. 


Monotonicity: Implies that for an increase in digital code 
value that the output will either increase or remain un- 
changed. In mathematical terms the output is a single 
valued function of the input code, and the derivative of the 
output transfer function must not change signs. 


Most-Significant Bit (MSB):The data bit with the largest 
effect on the output level. The MSB, for a linear DAC 
output, ideally equals the combined output weight of all 
other data bits, plus 1 LSB. 


Offset Error: The deviation of the analog output from the 
ideal (OV or OmA) when the inputs are setto all Os is called 
unipolar offset error. 


Output Compliance Range: The output voltage range 
over which a stated linearity specification is maintained. 
Integral linearity errors tend to be exaggerated with 
increasing output voltage levels. 


Settling Time :The time from an initial full-scale output — 
level change to the point where the output level is less 
than -1/2 LSB from its final value, for a full-scale step 
transition. 
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CURRENT VS VOLTAGE OUTPUT 


The CAT104/105 has been carefully designed to work 
equally well in both current and voltage output applica- 
tions, a claim not all DACs can make. When using other 
DACs, designers may be forced to use additional circuitry 
or be obliged to accept reduced performance when 
voltage output is required. | 


High speed DACs give their best performance in current 
output mode. This is because in current output operation 
the DAC’s output is tied to a summing junction, such as 
the negative input of an op amp, and feedback around the 


op amp holds the junction voltage constant (usually 0 — 


volts). Since no voltage change occurs at the DAC’s 
output of the DAC is uneffected by load resistance, RL, or 
any other impedances internal or external to the DAC. 


When generating a voltage output, however, RLcan have 
a significant effect on the DAC’s performance. The 
problem is caused by the DAC’s own output impedance. 
As shown in Fig1 a DAC’s output can be modeled as a 
current source in parallel with an internal resistance. 
When an external load is connected to lout, itis in parallel 
with the internal resistance and the actual load seen by 
_the DAC is the combination of their values. In developing 
an output voltage, lout is split between internal and 


external loads, producing an apparent errorin Vout. The | 


degree of error is determined by the ratio of Ri to the 
internal shunt resistance. For ideal current sources the 
shunt resistance is infinite, but in typical high speed DACs 
it ranges from 200 to 20,000 Q. This will produce a 
significant loading effect, even with the 50 Q or 25 Q loads 
commonly used in high speed systems. 


To combat this problem, Catalyst has taken special care 
to create a true current source output structure for the 
CAT104/105. The CAT104/105’s 1 MQ output imped- 
ance frees designers from concerns about voltage in- 
duced errors and voltage outputs can be had with no 


penalty in performance. 





104/105 F04 


Figure 1. DAC Output Equivalent Circuit 


OUTPUT VOLTAGE COMPLIANCE 


The maximum voltage that may be realized at the DAC’s 
output, while maintaining rated accuracy and perfor- 
mance, is 1.0 Volts. Care should be taken when selecting 
Ri and lout that the resulting Full Scale voltage does not 
exceed this value. Also, when operating into a summing 
junction (current mode), be sure the DC voltage of the 
summing node is below 1.0 volts. 


BUFFERED VOLTAGE OUTPUTS 


For applications requiring output voltages greater than 
1.0 volts a buffering amplifier will be required. Figure 2 
illustrates a typical buffered output application. 

0.1 pF +5V 





Figure 2. Buffer Voltage Output 0 to +2.5V 
FULL SCALE ADJUST 


The CAT104/105's output can be adjusted for any de- 
sired level between 0—1.0V or O—40 mA via the FSapuust 
pin. Referring to Figure 3, IRer, which sets the DAC's Full 
Scale output current, is controlled by op amp A1. The 
control loop is configured so that A1 will maintain a 
constant 0.68 volts at the FSapyust pin. As IReF has a 
maximum compliance voltage of 1.0 Volts, it is best to 
use RTrim as a variable resistor in series with Rset and | 
tie FSapyust directly to IRer. This avoids the possibility 
of the voltage across the combination of Rrrimand Rset 
exceeding IRer's compliance range. | | 









0.68V 
VOLTAGE 
REFERENCE 


Figure 3. FSapyust Equivalent Circuit 


USING THE INTERNAL VOLTAGE REFERENCE 


Aprecision voltage reference is provided by the CAT104/ 
105 to allow for easy adjustment and control of IReEr, 
which sets the DAC full scale output current, lout. The 
relationship between lout and IrREF is: 


7.892 * IReF 


louT 
Rset is then calculated from the equation: 


7.892 * Vrer 
RseT= — ————-——--———- 
lout 


‘Where Vrer = 0.68 V. 


The internal reference is factory trimmed to compensate 
for variations in the transfer ratio of IREF to lout , making 


CAT104/105 


the full scale output voltage accurate to within 0.3% for 
the transfer function: 


Ri 





Vout =5.367 * 
Rset 


Full scale output voltage variation from device to device 
willbe +0.3% when there is perfect tracking between the 
load and reference current resistors. For Catalyst perfor- 
mance, Rset and Ri should be a trimmed resistor net- 


work with ratio tracking better than +0.1% and tempera- 


ture coefficient tracking better than 5 ppm/°C. 


+5V 


FSapJUST 
C) 


DAC 


0.68V 
VOLTAGE 


REFERENCE 





a 





Figure 4a. External Voltage Reference, Single Supply 


RseET 


* These resistors must thermally 
track each other 


V 


MP5010NT 
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USING AN EXTERNAL VOLTAGE REFERENCE 


The precision voltage reference contained in the CAT 104 
and CAT 105 is factory trimmed by EEPROM circuitry to 
guarantee a maximum temperature drift of 10 ppm/ °C. 
For most applications this is more than adequate, how- 
ever, there may arise occasions when system require- 
ments dictate that an external reference be used. In 
such cases the on-chip reference can be disabled and 
control of IREr can be taken off chip. 


When using an external reference, the control amplifier’s . 
offset and offset drift cannot be ignored. The D/A’s 
- Output stability is dependent upon not only the reference 


but the control circuitry around it. For this reason it is | 


recommended that the control amplifier be of the ultra 
low offset variety, typically < 25uV with a drift of less than 
0.1 wV/SC. | 


Figure 4a shows an example of the CAT104/105 being 
used with an external reference in a single supply 
application. In this circuit, a low drift 1.2 V bandgap 
reference has been chosen and its voltage divided to 0.8 
V by a pair of resistors. This is done to insure that IREF 
does not exceed its voltage compliance range. The op 
amp, a low drift chopper stabilized type, replaces the 
internal control amplifier, which has been de-activated 
by tying FSapyust to the positive supply rail. Control of 
lReF is effected through the COMP pin which adds an 


0.68V 





VOLTAGE 
REFERENCE 
DAC 
S 


Figure 4b. External Voltage Reference, Dual Supply 


inversion to the control loop 


(IREF Current increases as 
Vcomp -> 0 V). | 


A simpler circuit can be used to incorporate an external 
voltage reference if a negative supply voltage is avail- 
able, as shown in Figure 4b. Here, a precision -10V 
reference and Rset combine with the CAT104/105’s 
internal reference and amplifier to set and control Irer. 
VreF becomes the sum of the internal and external 
references, and Rset is calculated from the equation 


Vrer + 0.68 
Rset = 7.892 * : 
lout 


Since Vrer is now the sum of the two references, a large 
value voltage is chosen for the external reference so that 
its characteristics will be dominant. Any noise or drift 
exhibited by the internal reference is now reduced in its 
effect by the ratio of the two reference voltages. 


The internal reference is not precisely 0.68 V, as stated 
in the equation above, because it is factory adjusted to 
compensate for variations in the current transfer ratio of 
lout to IREF. To compensate for this, the external voltage 
reference can be offest by a corresponding amount 
using the Fine Adjustment feature. For references 
without this adjustment feature, Rset can be trimmed 
instead. 


+5V 


louT | 
oe 0.1 UF 
COMP 
C 
R 
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FSapJUST 


-10.000V 


FINE ADJUST 


AD2701 





-15V 
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SUPPLY DECOUPLING 


It is essential to decouple the power and ground supply Decoupling is best achieved through a filter network 
lines from the system’s main power bus. This prevents placed in series with the DAC’s power supply lines. The 
glitches and noise spikes generated elsewhere in the filter is comprised of two inductors, one in each supply 
system from getting into the DAC and showing up on its line , combined with several bypass capacitors. An 
output. example of this is shown in Figure 5. 


R 
TRIM arerere O +5V 


C3 C2 Cy 


N000 © GROUND 


DATA IN 





DATA IN 


NOTES 

1; C4 and C5 should be located as 
close to the IC as possible 

2. All GND pins are tied together 

3. All Vs pins are tied together 


Ce | 0.01 uF Ceramic Capacitor | Efe ~~~ RPET0Z5U103MB0V 
C4,C5__|_0.01 uF Ceramic Chip Capacitor_| Johanson Dielectrics | X7R500S41W103KP_| 
[——R, | 24.90% Metal Fim Resistor | Dale ——~S~sCM 
Lo 
Re 












| Li,le _—|_~ Ferrite Bead Fair-Rite 2743001111 
[Re | -12191%MetalFilmResistor | Dale ~—~—~—~=~=«dt;~SCMF-58C 
502 Cermet Trim Pot 3386W 


Figure 5. Typical Application: Unbuffered Voltage Output, 0-1V | 
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SUPPLY CURRENT 
The maximum supply current drawn by the CAT104/105 
can be calculated from the equation: 


Is = Full Scale Output Current (in mA) + 


1.2mA per MHz of operating speed. 


P.C. BOARD LAYOUT 


Combining high speed with high precision presents a 
formidable challenge to system designers. Proper RF 
techniques must be used in board design, device selec- 
tion, supply bypassing, grounding and measurement if 
Catalyst performance is to be realized. 


BYPASS CAPACITORS 


The most important external components associated ~ 


with any high-speed design are the power supply by- 
pass capacitors. Selection and placement of these 
capacitors is critical, and to a large extent, dependent 
upon the specifics of the system’s configuration. The 
key consideration in selection of bypass capacitors is 
minimization of series resistance and inductance. Many 
capacitors will begin to look inductive at 20 MHz and 
above. Ceramic and metal film capacitors generally 
feature lower series inductance than the tantalum or 
electrolytic types. | 


Bypass capacitors should be installed on the printed 
circuit board as close to the IC as is physically possible, 
and with the shortest possible leads in order to minimize 
series lead inductance. Chip capacitors are optimal in 
this respect and thus highly recommended. 
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CRITICAL CONNECTIONS 


In using the CAT104/105 it is of the utmost importance 
to be sure all Vs and GND pins are connected to to their 
respective supplies. Failure to do so will result in 
improper DAC operation, and may result in damage to 
the IC. 


HIGH-SPEED INTERCONNECT 


It is essential that care be taken in the signal and power 
ground circuits to avoid inducing extraneous voltage 
drops in the signal ground paths. All connections should 
be short and direct and as physically close to the 
package as possible. Any conduction path shared by 
external components should be minimized. When runs 
exceed an inch or so in length, some type termination 
resistor may be required. This is true of both the analog 
and digital sections. For digital signals the termination 
resistor will be dependent upon the logic family used. 


Ground planes should be connected at or near the DAC. 
Care should be taken to insure that the ground plane is 
uninterrupted over crucial signal paths. On the digital 
side, this includes the DAC output signal as well as the 
supply feeders. The use of wide runs or planes in the 
routing of power lines is also recommended. This serves 
the dual function of providing a low series impedance 
power supply to the part as well as providing some "free" 
capacitive decoupling to the appropriate ground plane. 


For maximum AC performance, the DAC should be 
mounted directly to the circuit board; sockets should not 
be used as they increase lead inductance and capaci- 
tance. Any additional lead inductance or capacitance at 
the supply pins can seriously undermine dynamic per- 
formance. Even Teflon or "pin" sockets can create 
unwanted results, so soldering directly to the circuit 
board is highly recommended. 


CAT104/105 



















0.47 pH 
ie nen 
10k ROUND lage ae: GND 
SINE O SINE 
31 0.1 YF 
COSINE O COSINE V 
DD 
as ae 0.47 pH 
22 UF 
O 
O 
O 
a_ [oye 
O 
O 
0.1 pF 
O 
1 pF 
O | PLP-10.7 | | PLP-10.7_ -—O Voyt 
300Q 
CONTROL 





\/ = ANALOG GROUND 





1302 
O V = DIGITAL GROUND 
\A/ VY 
RESET O 
WRITE , 
STROBE © * 0.01 pF CHIP CAPACITORS 
OMITTED FOR CLARITY. 
STEL 1175: STANDARD TELECOMMUNICATIONS, INC. 
CLOCK O 


_ Figure 6. Direct Digital Synthesis (DDS) Using the CAT105 
ORDERING INFORMATION 


Prefix Device # Suffix 


CAT 104 











Product | Integral Linearity Error 
A: 1/2 LSB 


B: 1 LSB 


Temperature Range 
Blank = Commercial (0°C to +70°C) 
| = Industrial (-40°C to +85°C) 


Number 
104 
105 









Optional Package 


A 24-pin Ceramic DIP 


Company ID 





Notes: 
(1) The device used in the above example is a CAT104ACI (1/2 Integrated Linearity Error, Ceramic DIP, Industrial Temperature) 





CAT104/105 
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CAT504 


8-Bit Quad DACpot 


FEATURES 
™@ Output settings retained without power 

m@ Output range includes both supply rails 

m 4 independently addressable outputs 

m 1 LSB Accuracy 

m@ Serial uP interface 

m@ Single supply operation: 3—5 Volts 

mH Setting read-back without effecting outputs 


DESCRIPTION 


The CAT504 is a quad 8-Bit Memory DAC designed as 
an electronic replacement for mechanical potentiom- 
eters and trim pots. Intended for final calibration of 
products such as camcorders, fax machines and cellular 
telephones on automated high volume production lines, 
it is also well suited for systems capable of self calibra- 
tion, and applications where equipment which is either 
difficult to access or in a hazardous environment, re- 
quires periodic adjustment. 


The 4 independently programmable DAC's have an 
output range which includes both supply rails. Output 
settings, stored in non-volatile EEPROM memory, are 
not lost when the device is powered down and are 
automatically reinstated when power is returned. Each 
output can be dithered to test new output values without 
effecting the stored settings and stored settings can be 
read back without disturbing the DAC’s output. 


FUNCTIONAL DIAGRAM 


. 0 5 
3 1 14 





PROG O 


SERIAL 
CONTROL 


© O 
GND Veer’ 


© 1996 by Catalyst Semiconductor, Inc. 
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APPLICATIONS 
m@ Automated product calibration. 
m Remote control adjustment of equipment 


m@ Offset, gain and zero adjustments in Self- 
Calibrating and Adaptive Control systems. 


m™ Tamper-proof calibrations. 


Control of the CAT504 is accomplished with a simple 3 
wire serial interface. A Chip Select pin allows several 
CAT504s to share a common serial interface and com- 
munication back to the host controller is via a single 
serial data line thanks to the CAT504’s Tri-Stated Data 
Output pin. 


The CAT504 operates from a single 3-5 volt power 
supply drawing just a few milliwatts of power. When 
storing data in EEPROM memory an additional 20 volt 
low current supply is required. 


The CAT504 is available in the 0 to 70° C Commercial 
and —40° C to + 85° C Industrial operating temperature 
ranges and offered in 14-pin plastic DIP and Surface 
mount packages. 


PIN CONFIGURATION 


DIP Package (P) 


Vpop—i Je 74] VRer 
CLK 3] Vout! 


SOIC Package (J) 


Vpp[t]e 74] VRerd 
CLKLZ 3] Vout! 








VpPL3] T2)VoutT? YPPCS3] 2] Vout? 

CS[4] 17] VouT? cs TT Vout? 

DI TO VouTt =i ] Vout* 

DO VReFt = DOLE 3) VRert 
PROG[Z PS]GND PROGEZ P=] GND 


Characteristics subject to change without notice 


CAT504 





ABSOLUTE MAXIMUM RATINGS* 


- Supply Voltage Operating Ambient Temperature 
Vpp to GND............. eee eR aa —0.5V to +7V Commercial (‘C’ suffix) ...........:::eeee 0°C to +70°C 
Veep: to: GND sci iisciasisciceccssasieseancctees —0.5V to +22V Industrial (‘l’ Suffix) ................00008 — 40°C to +85°C 
Inputs Junction Temperature ..............ccceeeseserneneeees +150°C 
CLK to GND ........ccceeceeeeeeeeeeees —0.5V to Vpp +0.5V Storage Temperature .........ccccceceeee —65°C to +150°C 
CS to GND ..... cee ceeee eens —0.5V to Vpp +0.5V Lead Soldering (10 Sec MaX)..........:::esceeeeeeeees +300°C 
DI to GND ............cccecceeceeseerees —0.5V to Vop +0.5V * Stresses above those listed under Absolute Maximum Ratings 
PROG to GND see eeanensereneeeenenes —0.5V to Vpp +0.5V may cause permanent damage to the device. Absolute 
VrerH to GND...........ceeeeeeeeee —0.5V to Vpp +0.5V Maximum Ratings are limited values applied individually while 
Vrerl to GND uu... eeeeeeeeeeeeeees —0.5V to Vpp +0.5V other parameters are within specified operating conditions, 
Sal ee "Applied: Device periorianes end: relebily may be krpalred 
| . 
Do tO GND «....esssteerstereeretetsen ~0.5V to Vpp +0.5V ec e to abeoliite rating conditions for sittended ede 
Vout 1-4 to GND... —0.5V to Vpp +0.5V of time. | 


RELIABILITY CHARACTERISTICS : | 


ESD Susceptibility 2000 MIL-STD-883, Test Method 3015 
THO) Latch-Up | 100 | =| mm | JEDEC Standard 17 


NOTES: 1. This parameter is tested initially and after a design or process change that affects the parameter. 
2. Latch-up protection is provided for stresses up to 100mA on address and data pins from --1V to Vcc + 1V. 















DC ELECTRICAL CHARACTERISTICS: 
Vpp = +8V to +5V +10%, VrerH = Vpp, Vrerl = OV, unless otherwise specified 


[Symbol [ Parameter ——_—| Conditions =| Min’| Typ | Max | Units 


Accuracy 
Integral Linearity Error ILoaD = 250 nA, TR=C 








hoa = 1 BA, 
Differential Linearity Error 


ILoap = 1 PA, 





Logic Inputs 


Input Leakage Current 
Input Leakage Current . 
High Level Input Voltage 
Vit 


/ Low Level Input Voltage 


VreFH Input Voltage Range 
Vreel Input Voltage Range 


VrerH—Vrerl Resistance 
Logic Outputs 


High Level Output Voltage 





_lon=—40 HA , = 
Low Level Output Voltage | lo. = 1 MA, Vpp = +5V 






to = 04 mA, Von = #30 
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DC ELECTRICAL CHARACTERISTICS (Cont.): 
Vop = +3V to +5V +10%, VrReFH = +Vpp, Vrerl = OV, unless otherwise specified 


‘Symbol [ Parameter __—«(| Conditions —=—«|Min’ | ‘Typ | Max | Unite 
Analog Output 

/FSO | Full-Scale Output Voltage | Va=VnerH-Vrert | 0.99Va | 0.995Va| — | V 

780 Va=VeertVrert | — | 0.005Va | 0.10Va| V 

DAC Outputload Curent | STS 
Rout DAC Output Impedance -Vop=t8V i (sis ee 20k Q 
Voo=+8V SOT SSC | 
PSSR itonp = 250 T/A 


emperature 





fi 





200 uv/ °C 


ae 
VaerH to Vaerl ‘an 700 war ppm /°C 
foe al 
Poet. 2 
| a7 | 


Temperature Coefficient of 
Vrer Resistance 


Power Supply 





Programming Current 200 500 uA 
i 


AC ELECTRICAL CHARACTERISTICS: 
Vpop = +3V to +5V +10%, VrReFH = +Vpp, Vrerl = OV, unless otherwise specified 


Digital 
PosSeupTime | 

tois DI Setup Time C. = 100 pF, 
DI Hold Time see note 1 
Foo | OutputDelyioo S| SSCS 
iz | OulputDelaytoHighZ SSCS 
Minimum CLK High Time 
Minimum CLK Low Time 





Vpp 
Vpp 


















tcsH 












































DAC Settling Time to 1/2 LSB CrLoab = 10 pF, Vpp = +5V 
P| Coa = 10 pF, Von = +8 


Input Capacitance Vin = OV, f = 1 MHz, 
Output Capacitance Vout = OV, f = 1 MHz, (2) 


NOTES: 1. All timing measurements are defined at the point of signal crossing Vpp / 2. 
2. These parameters are periodically sampled and are not 100% tested. 
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TIMING ; 
to 1 2 3 4 5 ms peg MIN/MAX 


FROM TO 


tcLKH |Rising CLK edge to falling CLK edge Min 


CLK 
tcLKkL | Falling CLK edge to CLK rising edge Min 


Falling CLK edge for last data bit (Dl) Min 
to falling CS edge 


Rising CS edge to next rising CLK edge Min 


cS 


Falling CS edge to rising CS edge Min 


Data valid to first rising CLK Min 
edge after CS = high ; 


DI 
Rising CLK edge to end of data valid Min 
Rising CLK edge to DO = low Max 


Rising CS edge to DO becoming high (Max) 
low impedance (active output) 





DO 
Rising CLK edge to DO = high Max 
Falling CS edge to DO becoming high (Max) 
impedance (Tri-State) 


Rising PROG edge to next rising Min 
CLK edge 


| Rising PROG edge to falling PROG Min 
edge 





WVYSVIC SNIWIL ‘9 “V 


vOSLVO 


PIN DESCRIPTION 


cael | Power supply positive, 
2 
3 

| cs 






oonh, 









Power supply positive. 

CLK 
cs 
PS | DI__| Serialdatainputpin. 
fé | DO _| Serialdata outputpin. 
18 | GND | Power supply ground. 


7 PROG EEPROM Programming Enable 
Input 
10 Vout4 DAC output channel 4. 


o1 








—_h, 


DAC output channel 1. 
Maximum DAC output voltage. 


— 









DEVICE OPERATION 


The CAT504 is a quad 8-bit Digital to Analog Converter 
(DAC) whose outputs can be programmed to any one of 
256 individual voltage steps. Once programmed, these 
output settings are retained in non-volatile EEPROM 
memory and will not be lost when power is removed from 
_ the chip. Upon power up the DACs return to the settings 
stored in EEPROM memory. Each DAC can be written 
to and read from independently without effecting the 
output voltage during the read or write cycle. Each 
output can also be temporarily adjusted without chang- 
ing the stored output setting, which is useful for testing 
new output settings before storing them in memory. 


DIGITAL INTERFACE 


~ The CAT504 employs a standard 3 wire serial control 
interface consisting of Clock (CLK), Chip Select (CS) 
and Data In (Dl) inputs. For all operations, address and 
data are shifted in LSB first. In addition, all digital data 
must be preceded by a logic “1” as a start bit. The DAC 
address and data are clocked into the DI pin on the 
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DAC addressing is as follows: 





read to or from the chip, and the Data Output (DO) pin is 
active. Data loaded into the DAC control registers will 
remain in effect until CS goes low. Bringing CS to a logic 
low returns all DAC outputs to the settings stored in 
EEPROM memory and switches DO to its high imped- 


ance Tri-State mode. 


clock’s rising edge. When sending multiple blocks of: 


‘information a minimum of two clock cycles is required 
between the last block sent and the next start bit. 


Multiple devices may share a common input data line by 
selectively activating the CS control of the desired IC. 
Data Outputs (DO) can also share a common line 
because the DO pin is Tri-Stated and returns to a high 
impedance when not in use. 


CHIP SELECT 


Chip Select (CS) enables and disables the CAT504’s 
read and write operations. When CS is high data may be 


Because CS functions like a reset the CS pin has been 
equipped with a 30 ns to 90 ns filter circuit to prevent 
noise spikes from causing unwanted resets and the loss 
of volatile data. 


CLOCK 


The CAT504’s clock controls both data flow in and out of 
the IC and EEPROM memory cell programming. Serial 
data is shifted into the DI pin and out of the DO pin on the 
clock’s rising edge. While it is not necessary for the clock 
to be running between data transfers, the clock must be 
operating in order to write to EEPROM memory, even 
though the data being saved may already be resident in 
the DAC control register. 


No clock is necessary upon system power-up. The 
CAT504’s internal power-on reset circuitry loads data 
from EEPROM to the DACs without using the external 
clock. 


As data transfers are edge triggered clean clock transi- 
tions are necessary to avoid falsely clocking data into the 
control registers. Standard CMOS and TTL logic fami- 
lies work well in this regard and it is recommended that 
any mechanical switches used for breadboarding or 
device evaluation purposes be debounced by a flip-flop 
or other suitable debouncing circuit. 





CAT504 


VREF 


Vrer, the voltage applied between pins VReFHandVrerL, 
sets the DAC’s Zero to Full Scale output range where 
Vrerl = Zero and VReFH= Full Scale. Vref can span the 
full power supply range or just a fraction of it. In typical 
applications VReFH andVrerL are connected across the 
power supply rails. When using less than the full supply 
voltage VreFH is restricted to voltages between Vpp and 
Vpp/2 and VrerL to voltages between GND and Vpp/2. 


VPP 

When saving data to non-volatile EEPROM memory an 
external voltage of 18-20 volts must be applied to the 
Vpp pin. This voltage need only be present during the 
programming cycle and may be removed or turned off 
the remainder of the time. While it is not necessary to 
remove or power down Vpp between programming 
cycles, some power sensitive applications may choose 
to do so. In such cases, the Vpp supply must be given 
sufficient time to come up and stabilize before issuing 
the PROG command. 


DATA OUTPUT 


Data is output serially by the CAT504, LSB first, via the 
Data Out (DO) pin following the reception of a start bit 
and two address bits by the Data Input (Dl). DO 
becomes active whenever CS goes high and resumes 
its high impedance Tri-State mode when CS returns low. 
Tri-Stating the DO pin allows several 504s to share a 
single serial data line and simplifies interfacing multiple 


ZI 504s to a microprocessor. 
WRITING TO MEMORY 
Programming the CAT504’s EEPROM memory is ac- 
complished through the application of an externally 


generated programming voltage, Vpp, and the control 
signals: Chip Select (CS) and Program (PROG). With 


Figure 1. Writing to Memory 


tf! 1 2 3 4 5 6 7 8 9 10 11 12 
Sora! [om Seen Ae NM Ser OH He 































a 
|~«————. NEW DAc DATA——>} 
: + [40 a1] 00] 01 | o2| 03 | 04] os | vs [07 | 
|¢————CURRENT DAC DATA—_>| 
feo] or} oe] os} oe} ns} cel or} 
| | So 





Vep 


TTT 


NON-VOLATILE VOLATILE NON-VOLATILE 








DAC 
OuTPUT [EE 





9-18 


CS high, a start bit followed by a two bit DAC address 
and eight data bits are clocked into the DAC control 
register via the DI pin. Data enters on the clock’s rising 
edge. The DAC output changes to its new setting on the 
clock cycle following D7, the last data bit. 


Programming is achieved by bringing PROG high for a 
minimum of 3 ms while supplying 18 to 20 volts to the Vpp 
pin. PROG must be brought high sometime after the 
start bit and at least 150 ns prior to the rising edge of the 
clock cycle immediately following the D7 bit. Two clock 
cycles after the D7 bit the DAC control register will be 
ready to receive the next set of address and data bits. 
The clock must be kept running throughout the program- 
ming cycle. Internal control circuitry takes care of 
ramping the programming voltage for data transfer tothe © 
EEPROM cells. The CAT504’s EEPROM memory cells 
will endure over 100,000 write cycles and will retain data 
for a minimum of 20 years without being refreshed. 


READING DATA 


Each time data is transferred into a DAC control register 
currently held data is shifted out via the DI pin, thus in 
every data transaction a read cycle occurs. Note, 
however, that the reading process is destructive. Data 
must be removed from the register in order to be read. 
Figure 2 depicts a Read Only cycle in which no change 
occurs in the DAC’s output. This feature allows uPs to 
poll DACs for their current setting without disturbing the 
output voltage but it assumes that the setting being read 
is also stored in EEPROM so thatit can be restored at the 
end of the read cycle. In Figure 2 CS returns low before 
the 13!" clock cycle completes. Indoing so the EEPROM’s 
setting is reloaded into the DAC control register. Since 
this value is the same as that which had been there 
previously no change in the DAC’s output is noticed. 
Had the value held in the control register been different 
from that stored in EEPROM then a change would occur 
at the read cycle’s conclusion. 


Figure 2. Reading from Memory 
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TEMPORARILY CHANGE OUTPUT 


The CAT504 allows temporary changes in DAC’s output 
to be made without disturbing the settings retained in 
EEPROM memory. This feature is particularly useful 
when testing for a new output setting and allows for user 
adjustment of preset or default values without losing the 
original factory settings. 


Figure 3 shows the control and data signals needed to 
effect a temporary output change. DAC settings may be 
changed as many times as required and can be made to 
any of the four DACs in any order or sequence. The 
temporary setting(s) remain in effect long as CS remains 
high. When CS returns low all four DACs will return to 
the output values stored in EEPROM memory. 


When it is desired to save a new setting acquired using 
this feature, the new value must be reloaded into the 
DAC control register prior to programming. This is be- 
cause the CAT504’s internal control circuitry discards 
the new data from the programming register two clock 
cycles after receiving it (after reception is complete) if no 
PROG signal is received. 


APPLICATION CIRCUITS 
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Figure 3. Temporary Change in Output 
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APPLICATION CIRCUITS (Cont.) 
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APPLICATION CIRCUITS (Cont.) 
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APPLICATION CIRCUITS (Cont.) 
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APPLICATION CIRCUITS (Cont.) 
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ORDERING INFORMATION 


Prefix Device # . Suffix - 


CAT 504 | [INL = ILSB] 






Product 
Number 


Optional 
Company ID 


Package 
P: PDIP 
J: SOIC 


Temperature Range 


Blank = Commercial (0°C to +70° C) 
[= Industrial (-40°C to +85°C) 








Notes: | 
(1) The device used in the above example is. a CAT504PI (Plastic DIP, Industrial Temperature) 
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CAT505 


CATALYST 


SEMICON ODUCTOAR 


Mill 


8-Bit Quad DACpot with RDY/BUSY and IND. Reference Inputs 


FEATURES 


m Output settings retained without power 
m Independent Reference Inputs 

m@ Output range includes both supply rails 
m Programming voltage generated on-chip 
m 4 independently addressable outputs 

m@ Serial uP interface 

m Single supply operation: 3—5 Volts 


DESCRIPTION 


The CAT505 is a quad 8-Bit Memory DAC designed as 
an electronic replacement for mechanical potentiom- 
eters and trim pots. Intended for final calibration of 
products such as camcorders, fax machines and cellular 
telephones on automated high volume production lines 
and systems capable of self calibration, it is also well 
suited for applications were equipment requiring peri- 
odic adjustment is either difficult to access or located in 
a hazardous environment. 


The CAT505 offers 4 independently programmable DACs 
each having its own reference inputs and each capable 
of rail to rail output swing. Output settings, stored non- 
volatile EEPROM memory, are not lost when the device 
is powered down and are automatically reinstated when 
power is returned. Each output can be dithered to test 
new output values without effecting the stored settings 
and stored settings can be read back without disturbing 
the DAC’s output. 


FUNCTIONAL DIAGRAM 





CAT505 


© 1996 by Catalyst Semiconductor, Inc. 


9-25 





APPLICATIONS 


m@ Automated product calibration. 
m Remote control adjustment of equipment 


m@ Offset, gain and zero adjustments in Self- 
Calibrating and Adaptive Control systems. 


m@ Tamper-proof calibrations. 


Control of the CAT505 is accomplished with a simple 3 
wire serial interface. A Chip Select pin allows several 
CAT505s to share a common serial interface and com- 
munications back to the host controller is via a single 
serial data line thanks to the CAT505’s Tri-Stated Data 
Output pin. A Rdy/Bsy output working in concert with an 
internal low voltage detector signals proper operation of 
EEPROM Erase/Write cycle. 


The CAT505 operates from a single 3-5 volt power 
supply. The high voltage required for EEPROM Erase/ 
Write operations is generated on-chip. 


The CAT505 is available in the 0°C to 70°C Commercial 
and —40°C to +85°C Industrial operating temperature 
ranges and offered in 20-pin plastic DIP and Surface 
mount packages. 


PIN CONFIGURATION 


DIP Package (P) 


SOIC Package (J) 





Characteristics subject to change without notice 





CAT505 
ABSOLUTE MAXIMUM RATINGS 


Supply Voltage* Operating Ambient Temperature 
Vp to GND.....scssecesseseseetesesteteseeteeee —0.5V to +7V Commercial (‘C’ Suffix) ...... esse 0°C to +70°C 
Vpp to GND u...eeeccceceeseesseeeeeeees -0.5V to +22V Industrial (*l suffix) ...........1+++: — 40°C to +85°C 

Inputs : | JUNCTION TEMperatUre ....... eects eseeees +150°C 
CLK to GND... cece ceeeeeeees —0.5V to Vpp +0.5V Storage Temperature ......... cece —65°C to +150°C 
CS 10 GND acetates! —0.5V to Vpp +0.5V Lead Soldering (10 SCC MAX)... +300°C 
DITO: GND ecgogese cane aeceseesvttciess —0.5V to Vpp +0.5V * Stresses above those listed under Absolute Maximum Ratings 
RDY/BSY to GND ................. —0.5V to Vpp +0.5V may cause permanent damage to the device. Absolute 
PROG to GND .......scccccecseesees ~0.5V to Vpp +0.5V oomute nang are inte sina applied ndvidtaly ile 

other parameters are wi i 

VREFH 10 GND...-ssscessesssersseeen pees to Vpp +0.9V and eon operation at pe of thane: conditions is NOT 
VREFL to GND .....-eseeseeeeeseee 0.5V to Vpp +0.5V implied. Device performance and reliability may be impaired 

Outputs by exposure to absolute rating conditions for extended periods 
Do tO GND cnscecsssssiscesesevesactoness —0.5V to Vpp +0.5V of time. 
Vout 1- 4 to GND........... hehe —0.5V to Vpp +0.5V 


RELIABILITY CHARACTERISTICS | 


ESD Susceptibility 2000 | — | _—Volts_—| MIL-STD-883, Test Method 3015. 
rH 2) Latch-Up | 100 | | mA JEDEC Standard 17 


NOTES: 1. This parameter is tested initially and after a design or process change that affects the parameter. 
2. Latch-up protection is provided for stresses up to 100mA on address and data pins from —-1V to Vcc + 1V. 







DC ELECTRICAL CHARACTERISTICS: Vpp = +8V to +5V +10%, VreFH = Vpp, Vrerl = OV, unless otherwise specified 


‘Symbol | Parameter | Coneltions =| Min’ | ‘Typ | Max | Unite 
| Reson ——Ss=—=“~*~srSC“‘CS;SN;SCSU | — | — | 8s 


Accuracy 
iN [Woap=250nA, Ta=C | — | 06 | #1 | 188 
Tre!] — | o6 | +1 [| LsB 
loao= HA, Ta= ee ee 
we 
















Integral Linearity Error 





: 















Tr= | LSB 
Differential Linearity Error LSB 
Tae | LSB 
lloap=1HA, TR= 
TrR= | 





Logic Inputs 


Input Leakage Current 
High Level Input Voltage 
Low Level Input Voltage 


[_VrerH Input Voltage Range] 
Vrerl Input Voltage Range | 
VrerH-VrerL Resistance | 
Input Resistance Match | Re ee cute ae onal 


Logic Outputs 


High Level Output Voltage lon = — 40 pA 
VoL Low Level Output Voltage loL=1mA,Vop=+5V | — | 
lo. =0.4mMA,Vpp=4+38V|  — | 
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DC ELECTRICAL CHARACTERISTICS (Cont.): 
Vop = +38V to +5V +10%, VrerH = Vpp, Vrerl = OV, unless otherwise specified 


[Symbot | Parameter ___—_—_—*( Gandiions—=«d’~in_“‘| Typ | Mex | Unite 


Analog Output 
Full-Scale Output Voltage 0.995Vea| — | Vv | 
0.005Va |010Va| Vv | 


F = 
2 v 
eee ee ae 
Rout DAC Output Impedance 25K 
! 


a 
Lal 












VR = VrerH — Veer 






























Power Supply Rejection ILoaD = 1 LA 
TCo Vout Temperature Coefficient Vpp = +5V, ILoap = 250nA 00 uv/ °C 
VreFH= +5V, Vrerl = OV 
50 
5.5 


Normal Operating 


Programming, Vpp = 5V 
Vpp = 3V 








Me? 9 
TCrEF Temperature Coefficient of VrerFH to Vrerl ppm / °C 
Vrer Resistance 
1200 2000 
2 


700 

i 
F200 
600 4200 WA 

300 LA | 
f= [ss fv 





AC ELECTRICAL CHARACTERISTICS: 
Vop = +8V to +5V +10%, VrerFH = Vpp, Vrerl = OV, unless otherwise specified 


‘Symbot | Parameier _——~( Conaltions—=«d’_~Min~| Typ | Max | Unite 


Digital 

DI Hold Time 

tuz Output Delay to High-Z . 

ee 

teusy | Erase/Write GycleTime | 

‘tes | PROGSetupTime | 
oui ow ae 
hanes 













150 
100 







o1 
feo) 


C, = 100 pF, 
see note 1 







oO 
Oo 


a 
© 





400 










ae 
Minimum Pulse Width 500 
FtcukH | Minimum GLK High Time | —SSSSC~S «C=C 
tout | Minimum GLK LowTime | SSC 
DC 


PT —*SY hg = 10 BF, Von = +8 
Pin Capacitance 

Vin = OV, f= 1 Mz, @ 
Output Capacitance 


NOTES: 1. All timing measurements are defined at the point of signal crossing Vpp / 2. 
2. These parameters are periodically sampled and are not 100% tested. 
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TIMING 
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FROM TO 


Rising CLK edge to falling CLK edge 


Falling CLK edge to CLK rising edge. 


Falling CLK edge for last data bit (Dl) 
to falling CS edge 


Rising CS edge to next rising CLK edge 


tcsMmIN| Falling CS edge to rising CS edge 


Data valid to first rising CLK 
edge after CS = high 


Rising CLK edge to end of data valid 


Rising CLK edge to DO = low 


Rising CS edge to DO becoming high 
low impedance (active output) 


Rising CLK edge to DO = high 


Falling CS edge to DO becoming high 
impedance (Tri-State) 


Rising PROG edge to next rising 
CLK edge 


Rising PROG edge to falling PROG 
edge 


Rising PROG edge to falling RDY/BSY 
edge 
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PIN DESCRIPTION 


Maximum DAC 1 output voltage 
Power supply positive 
D 






















< 


pI] Serial data nputpin = 
BO] “Serial data outputpin __——*+ 


PROG EEPROM Programming Enable 
Input 


18 
DAC 3 output | 


VrerFH4 Maximum DAC 4 output voltage 


Maximum DAC 3 output voltage 


DEVICE OPERATION 


The CAT505 is a quad 8-bit Digital to Analog Converter 
(DAC) whose outputs can be programmed to any one of 
256 individual voltage steps. Once programmed, these 
output settings are retained in non-volatile EEPROM 
memory and will not be lost when power is removed from 
the chip. Upon power up the DACs return to the settings 
stored in EEPROM memory. Each DAC can be written 
to and read from independently without effecting the 
‘output voltage during the read or write cycle. Each 
output can also be adjusted without altering the stored 
output setting, which is useful for testing new output 
settings before storing them in memory. | 


DIGITAL INTERFACE 


The CAT505 employs a standard 3 wire serial control 
interface consisting of Clock (CLK), Chip Select (CS) 
and Data In (Dl) inputs. For all operations, address and 
data are shifted in LSB first. In addition, all digital data 
must be preceded by a logic “1” as a start bit. The DAC 
address and data are clocked into the DI pin on the 
clock’s rising edge. When sending multiple blocks of 
information a minimum of two clock cycles is required 
between the last block sent and the next start bit. 


O 


Clock input pin 


@) 


<i/<|<i< 









wok | mk 
OO; ® 


Multiple devices may share a common input data line by 
selectively activating the CS control of the desired IC. 
Data Outputs (DO) can also share a common line 
because the DO pin is Tri-Stated and returns to a high 
impedance when not in use. 
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DAC addressing is as follows: 


‘pac oureut [Ao | At 
Yourt | 0 | 0 
Vore| 1 [ 0 












CHIP SELECT 


Chip Select (CS) enables and disables the CAT505’s 
read and write operations. When CS is high data may be 
read to or from the chip, and the Data Output (DO) pin is 
active. Data loaded into the DAC control registers will 
remain in effect until CS goes low. Bringing CS to a logic 
low returns all DAC outputs to the settings stored in 
EEPROM memory and switches DO to its high imped- 
ance Tri-State mode. 


Because CS functions like a reset the CS pin has been 
desensitized with a 30 ns to 90 ns filter circuit to prevent 
noise spikes from causing unwanted resets and the loss 
of volatile data. 


CLOCK 


The CAT505’s clock controls both data flow in and out of 
the IC and EEPROM memory cell programming. Serial 
data is shifted into the DI pin and out of the DO pin on the 
clock’s rising edge. While itisnot necessary for the clock 
to be running between data transfers, the clock must be 
operating in order to write to EEPROM memory, even 
though the data being saved may already be resident in 
the DAC control register. 


No clock is necessary upon system power-up. The 
CAT505’s internal power-on reset circuitry loads data 
from EEPROM to the DACs without using the external 
clock. . 





CAT505 


As data transfers are edge triggered clean clock transi- 
tions are necessary to.avoid falsely clocking data into the 
control registers. Standard CMOS and TTL logic fami- 
lies work well in this regard and it is recommended that 
any mechanical switches used for breadboarding or 
device evaluation purposes be debounced by a flip-flop 
or other suitable debouncing circuit. 


VREF 


Vrer, the voltage applied between pins VRerFH &VreeL, 
sets the DAC’s Zero to Full Scale output range where 
Vrerl = Zero and VreFH= Full Scale. Vref can span the 
full power supply range or just a fraction of it. In typical 
applications VReFH &Vrerl are connected across the 
power supply rails. When using less than the full supply 
voltage be mindfull of the limits placed on VreFH and 
Vrerl as specified in the References section of DC 
Electrical Characteristics. 


READY/BUSY 


When saving data to non-volatile EEPROM memory, the 
Ready/Busy ouput (RDY/BSY) signals the start and 
duration of the EEPROM erase/write cycle. Upon receiv- 
ing a command to store data (PROG goes high) RDY/ 
BSY goes low and remains low until the programming 
cycle is complete. During this time the CAT505 will 
ignore any data appearing at DI and no data will be 
output on DO. 


RDY/BSY is internally ANDed with a low voltage detec- 
tor circuit monitoring Vpp. If Vpp is below the minimum 
value required for EEPROM programming, RDY/BSY 
will remain high following the program command indicat- 
ing a failure to record the desired data in non-volatile 
memory. | 


DATA OUTPUT 


Data is output serially by the CAT505, LSB first, via the 
Data Out (DO) pin following the reception of a start bit 
and two address bits by the Data Input (DI). DO 
becomes active whenever CS goes high and resumes 





Figure 1. Writing to Memory 
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its high impedance Tri-State mode when CS returns low. 
Tri-Stating the DO pin allows several 505s to share a 
single serial data line and simplifies interfacing multiple | 
505s to a microprocessor. 


WRITING TO MEMORY 


| Programming the CAT505’s EEPROM memory is ac- 


complished through the control signals: Chip Select 
(CS) and Program (PROG). With CS high, a start bit 
followed by a two bit DAC address and eight data bits are 
clocked into the DAC control register via the DI pin. Data 
enters on the clock’s rising edge. The DAC output 
changes to its new setting on the clock cycle following 
D7, the last data bit. 


Programming is accomplished by bringing PROG high 


- sometime after the start bit and atleast 150 ns priortothe | 
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rising edge of the clock cycie immediately following the 
D7 bit. Two clock cycles after the D7 bit the DAC control 
register will be ready to receive the next set of address 
and data bits. The clock must be kept running through- 
out the programming cycle. Internal control circuitry 
takes care of generating and ramping up the program- 
ming voltage for data transfer to the EEPROM cells. The 
CAT505’s EEPROM memory cells will endure over 
100,000 write cycles and will retain data for a minimum 
of 20 years without being refreshed. 


READING DATA 


Each time data is transferred into a DAC control register 
currently held data is shifted out via the DI pin, thus in 
every data transaction a read cycle occurs. Note, 
however, that the reading process is destructive. Data 
must be removed from the register in order to be read. 
Figure 2 depicts a Read Only cycle in which no change 
occurs in the DAC’s output. This feature allows uPs to 
poll DACs for their current setting without disturbing the 
output voltage but it assumes that the setting being read 
is also stored in EEPROM so that it can be restored at the 
end of the read cycle. In Figure 2 CS returns low before 
the 13" clock cycle completes. Indoing sothe EEPROM'’s 


Figure 2. Reading from Memory 


to 1 2 3 4 5 6 7 8 9 10 14 12 | 


x rn ere renees 
Ei ewe 


|}~<———- CURRENT DAC DATA——~—>| 










cs 


oe 


po fo 


proc | 


RDY/BSY 


oe CURRENT 
DAC VALUE 


NON-VOLATILE 





DAC fF 
OUTPUT Ee 


setting is reloaded into the DAC control register. Since 
this value is the same as that which had been there 
previously no change in the DAC’s output is noticed. 
Had the value held in the control register been different 
from that stored in EEPROM then a change would occur 
at the read cycle’s conclusion. 


TEMPORARILY CHANGE OUTPUT 


The CAT505 allows temporary changes in DAC’s output 
to be made without disturbing the settings retained in 
EEPROM memory. This feature is particularly useful 
when testing for a new output setting and allows for user 
adjustment of preset or default values without losing the 
original factory settings. 


Figure 3 shows the control and data signals needed to 
effect a temporary output change. DAC settings may be 
changed as many times as required and can be made to 
any of the four DACs in any order or sequence. The 
temporary setting(s) remain in effect long as CS remains 
high. When CS returns low all four DACs will return to 
the output values stored in EEPROM memory. 


When it is desired to save a new setting acquired using 
_ this feature, the new value must be reloaded into the 
DAC control register prior to programming. This is be- 
cause the CAT505’s internal control circuitry discards 
from the programming register the new data two clock 
cycles after receiving it if no PROG signal is received. 


APPLICATION CIRCUITS 
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Figure 3. Temporary Change in Output 
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Re 
VouT = (1+ 5) Vpac 
Amplified DAC Output 
DAC OUTPUT 
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Bipolar DAC Output 
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APPLICATION CIRCUITS (Cont.) 


Re= — REF _ 
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Fine adjust gives + 1 LSB change in V o¢r¢geT 
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CAT505 


APPLICATION CIRCUITS (Cont.) 
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APPLICATION CIRCUITS (Cont.) 
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CAT505 


ORDERING INFORMATION 


Prefix Device # Suffix 


CAT 505 | [INL = ILSB] 


Package | 
P: PDIP 
J: SOIC 


Optional Product 
Company ID Number 


Temperature Range 


Blank = Commercial (0°C to +70°C) 
| = Industrial (-40°C to +85°C) 





Notes: . 
(1) The device used in the above example is a CAT505PI (Plastic DIP, Industrial Temperature) 


9-35 





CAT505 





9-36 


CLOCK O 


Preliminary 


CAT506 


12 Bit, 40MHz D/A Converter 


FEATURES 


m 25ns maximum settling time (1/2 LSB ) 
m 40 MHz update rate 

m@ 1/2 LSB Integral Non-Linearity 

m 1/2 LSB Differential Non-Linearity 

m@ 25 ppm/C internal voltage reference 

m Low Power BiCMOS construction 

m Single Supply operation (+5 V) 


DESCRIPTION 


The CAT506 is a monolithic 12-bit current output D/A 
converter designed for precision high speed data con- 
version applications. Powered from a single +5 Volt 
supply the CAT506 will source 40 mA of current into a 25 
Ohm load at clock speeds of 40 MHz while maintaining 
1/2 LSB accuracy. Settling time is 25 ns to .012% of Full 
Scale. 3 


Fabricated ina2.0 micron BiCMOS process, the CAT506 
incorporate on-chip EEPROM driven trim circuitry for 


FUNCTIONAL DIAGRAM 


CAT506 


' FSapyust 


© 1996 by Catalyst Semiconductor, Inc. 
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CATALYST 


SEMICONDUCTOR 


ail! 


APPLICATIONS 


m@ Arbitrary Waveform Generators 
m Direct Digital Synthesis (DDS) 
m@ High Resolution A/D Converters 
m@ Automatic Test Equipment 

@ High Definition Video 


factory correction of all silicon and package induced 
errors. Gain error is adjusted to below <0.2% and 
linearity to .012%. Monotocity is guaranteed over the full 
operating temperature range. The CAT506 includes an 
on-chip voltage reference which is EEPROM trimmed to 
achieve a typical drift with temperature of 25 ppm/°C. 


The CAT506 is pin compatible with Brooktree’s Bt 105 
while offering significantly improved performance. Pack- 
aged in 24-pin Ceramic DIPs the CAT506 is specified for 
operation over the 0°C to +70°C Commercial tempera- 
ture range. | 


PIN CONFIGURATION 


DIP Package (P) 


CAT506 





Characteristics subject to change without notice 





CAT506 — | — _— Preliminary 


ABSOLUTE MAXIMUM RATINGS* — Analog Output Short Circuit Duration......... Infinite 
Supply Voltage | | Operating Ambient Temperature 
Vg tO GND ..cceeccssessssseesessseeessssseeesseee ~0.5V to +7V Commercial (‘C’ suffix) .......... seeeennaes 0°C to +70°C 
Inputs Storage Temperature ...........ccceeee —65°C to +150°C 
Do-D14 10 GND oeecececsscccssessessee ~0.5V to Vs +0.5V Lead Soldering (10 Sec MAX)......... cc ceeeeeeeeees +300°C 
FSapuust to GND... eee . -0.5V to Vs +0.5V * Stresses above those listed under Absolute Maximum Ratings 
COMP to GND ........ceeeeeeeeeeees —0.5V to Vs +0.5V may cause permanent damage to the device. Absolute 
CLOCK to GND...... vee. -0.5V to Vg +0.5V Maximum Ratings are limited values applied individually while 
Fe ap oie ited fae 1g hate H10 Bee A other parameters are within specified operating conditions, 
Outputs sp ee ete se nesecnencuseece ai and functional operation at any of these conditions if NOT 


implied. Device performance and reliability may be impaired 
Analog Output Current (lout) .........::::2eceeeees 50 mA by exposure to absolute rating conditions for extended periods 
Analog Output Voltage (lout) .. Vs~ 7V to Vst 0.5V of time. | 


RELIABILITY CHARACTERISTICS | - | 


ESD Susceptibility 2000 | ~———~*«+|-s«sVolts_-—«| ~—«MIL-STD-883, Test Method 3015 
itH)@) | Latch-Up | 100 | ~~ | mA | __ JEDEC Standard 17 


NOTES: 1. This parameter is tested initially and after a design or process change that affects the parameter. 
2. Latch-up protection is provided for stresses up to 100mA on address and data pins from —1V to Voc + 1V. 














DC ELECTRICAL CHARACTERISTICS: Vs = +5V +0.25V; Ta = 0°C to +70°C; lout (FS) = 40mA 


PResoution[ —S=~—~—SsS—SsSC*‘“‘“‘(C;SSCY 


Accuracy | 
Integral Linearity Error CAT506A 
CAT506B 


Differential Linearity Error 
Zero Offset Error 


Gain Error Internal Reference 


Tonotoaty 


High Level Input Voltage 
Low Level Input Voltage 





V 
V 
| 


IH 

IL 

IH High Level Input Current 
lit 


Analog Output 


Output Current 
Output Compliance 


Output Impedance 

Gain Temperature Coefficient 
Reference 

Internal Reference Voltage 





‘Temperature Coefficient 





Preliminary 


AC ELECTRICAL CHARACTERISTICS: 


Vs = 5V +0.25V; Ry = 25Q; lout (FS) = 40 mA. 


Logic inputs: OV-3V; t, and t}< 3ns 


' Ta = O°C to +70°C. 


CAT506 


‘Symbot | Parameter __—_—| Conditions ——~|—Min_~| Typ | Max | Unite 











































































Data Inputs . 

Register Clock Rate — —_ 
toc Clock Cycle Time jes PF — | = | ons | 
tpwH Clock Pulse Width High Time | — | — [| os | 
tpwe Clock Pulse Width Low Time 10 fF — ns 
tps Data Setup Time 10 | — ns 
tpH Data Hold Time 2 — 

Pipeline Delay CAT506 Only | 1 

Analog Output 
top Output Delay — | 18 | — | ns 
tr Output Rise Time — | 5 | = | ns 
te —|— ae Fall Time — | 5 | = | ns 

| tos) Output Settling Time To 0.012% of FS | — | 2 | 35 | ns 

To 0.025% of FS — 30 ns 
To 0.10% of FS — 12 25 ns 
Clock and Data Feedthrough") — 40 — dB 











Glitch Impulse“) 

Differential Gain Error 

Differential Phase Error 

foLk = 20 MHz foyt = 500 KHz 
fout = 1 MHz 

foLk=5 MHz four = 500 KHz 

= 1 MHz 





SINAD 





fouT 


tance 
Input Capacitance, Do-D11, CLK 


Pin Capaci 





Cin 
CoutT Output Capacitance, Pin 6 





Vin = 2.4V, f = 1 MHz 


a 
Tlour= Oma iMHe | — 


— 
oe) 





pV-sec 
%FS 
Degrees 





LL 


O!1O!] ao} oa) -) 
A; dO! OlmlalsS 





NOTES: 1. 





Clock and Data feedthrough is function of the magnitude of overshoot and undershoot on the digital inputs. While testing, the 


digital inputs have a 1k ohm resistor connected to the regular PCB ground plane and are driven by 74 HC logic. Clock and data 
feedthrough are excluded from the settling time, where as they are included in glitch impulse. (Test bandwidth = 100 MHz.) 
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CAT506 Preliminary 
AC TIMING DIAGRAM 
CAT506 
Pee MEASURED MIN 
NAME FROM TO MAX 


louT 


lout 


50% point of 
falling edge 
50% point of 
rising edge 
50% point of 
rising edge 
50% point of 
falling edge 
50% point of 
rising edge 
50% point of 
next rising edge 


Data valid 
50% point of 
clock's next 
rising edge 


End of tpg period 
data invalid 


50% point of 
clock's 

rising edge 

50% of FS output 
50% of FS output 
Output within 
allowed 

error band 

(1/2 LSB or 1 LSB) 


10% point of FS 
output 


90% point of FS 
output 


90% point of FS 
output 


10% point of FS 
output 
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Preliminary CAT506 


PIN DESCRIPTIONS 











Reference Current Output. The DAC’s full scale output current is set by IRer, which is 
normaly connected to FSapyust and a resistor, Rser. The full scale output current is then 
determined by the value of Reser. 


Compensation pin. This pin must be connected to the Vs pin through a ceramic capacitor. 
This capacitor provides power supply noise rejection and reduces the random noise of the 
internal bandgap reference. The capacitor can be between 0.01 uF and 0.1 uF, with 0.01uF 
being the recommended value. 

When an external reference voltage is used COMP is used in conjunction with FSapgust to 
set IRer. 


3, 4, 22, 23 The positive supply voltage, nominally +5V. 
5, 7,21 Ground return for all signals (digital and analog) and Vs. 


Analog Current Output. This high impedance current source is capable of sourcing up to 40 


| mA of current. | 
TTL compatible Data Inputs. Pin Do is the least significant data bit. For CAT506, the inputs 


are latched on the rising edge of clock. All unused inputs must be tied to Vs or GND. 








































Clock Input for CAT506. The rising edge of Clock latches the Do-D11 inputs. Ideally, this pin 
should be driven by a dedicated TTL/CMOS buffer. , 

Full Scale Adjust Control. When the internal reference voltage is used, the full scale output 
current is controlled by the resistor Rset, connected between this input pin and GND. When 
an external voltage reference is used, FSapuust is tied to Vs. 






TERMS AND DEFINITIONS 

Differential Non-Linearity (DNL): The maximum de- Least-Significant Bit (LSB): The ideal output incre- 

viation from an ideal LSB step, between any two adja- ment between two adjacent codes. Also, the data bit with 

cent output levels. A DNL error more negative than —1 the smallest effect on the output level. 

LSB implies non-monotonic output performance. -_ eae! 
Monotonicity: Implies that for an increase in digital 

Full Scale Output Current: The output current at lout code value that the output will either increase or remain 

resulting from all 1's at the data inputs. unchanged. In mathematical terms the outputis a single 


valued function of the input code, and the derivative of 


Gain Error: The variation in the slope (gain) of the the output transfer function must not change signs. 


transfer function of a converter with respect to an estab- 
lished ideal transfer function. This error is expressed in Most-Significant Bit (MSB):The data bit with the larg- 


% of FS (Full Scale) or LSB, when all bits are on, and may est effect on the output level. The MSB, for a linear DAC 
be eliminated by adjusting the reference current applied output, ideally equals the combined output weight of all 
to the device. other data bits, plus 1 LSB. 
Glitch Impulse Area: The analog output transient oc- Offset Error: The deviation of the analog output from the 
curring between two adjacent codes as a result of ideal (OV or OMA) when the inputs are set to all Os is 
unequal turn-on and turn-off times for the internal cur- called unipolar offset error. 


rent sources. Glitch impulse is calculated as the area of 
the largest excursion, about the final value, and is 
specified as the net area of the glitch in nV-sec or pA- 
Sec. 


Output Compliance Range: The output voltage range 
over which a stated linearity specification is maintained. 
Integral linearity errors tend to be exaggerated with 
increasing output voltage levels. 

Integral Non-Linearity (INL): The maximum deviation 
between the actual output level and a best straight line 
fit. This excludes gain and offset errors. 


Settling Time :The time from an initial full-scale output 
level change to the point where the output level is less 
than —1/2 LSB from its final value, for a full-scale step 
transition. 
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CAT506 


CURRENT vs VOLTAGE OUTPUT 


The CAT506 has been carefully designed to work equally 
well in both current and voltage output applications, a 
claim not all DACs can make. When using other DACs, 
designers may be forced to use additional circuitry or be 
obliged to accept reduced performance when voltage 
output is required. 


High speed DACs give their best performance in current 
output mode. This is because in current output opera- 
tion the DAC’s output is tied to a summing junction, such 
as the negative input of an op amp, and feedback around 
the op amp holds the junction voltage constant (usually 
0 volts). Since no voltage change occurs at the DAC’s 
output of the DAC is uneffected by load resistance, RL , 
or any other impedances internal or external to the DAC. 


When generating a voltage output, however, Ri can 
have a significant effect on the DAC’s performance. The 
problem is caused by the DAC’s own output impedance. 
As shown in Fig1 a DAC’s output can be modeled as a 
current source in parallel with an internal resistance. 
When an external load is connected to lout, it is in 
parallel with the internal resistance and the actual load 
seen by the DAC is the combination of their values. In 
developing an output voltage, lout is split between 
internal and external loads, producing an apparent error 
in Vout. The degree of error is determined by the ratio 
of Ri to the internal shunt resistance. For ideal current 
sources the shunt resistance is infinite, but in typical high 


Preliminary 


OUTPUT VOLTAGE COMPLIANCE 


The maximum voltage that may be realized at the DAC’s 
output, while maintaining rated accuracy and perfor- 
mance, is 1.0 volts. Care should be taken when select- 
ing Ri and lour that the resulting Full Scale voltage does 
not exceed this value. Also, when operating into a 
summing junction (current mode), be sure the DC volt- 
age of the summing node is below 1.0 Volt. | 


BUFFERED VOLTAGE OUTPUTS 


For applications requiring output voltages greater than 
1.0 volts a buffering amplifier will be required. Figure 2 
illustrates a typical buffered output application. 


0.1 pF +5V 









COMP 





Vs 







Do-D41 


CAT506 


FS 
CLK anjust REF 


| Figure 2. Buffer Voltage Output 0 to +2.5V 


speed DACs it ranges from 200 to 20,000 ©. This will | 


produce a significant loading effect, even with the 50 Q 
or 25 Q loads commonly used in high speed systems. 


To combat this problem, Optimum has taken special 
care to create a true current source output structure for 
the CAT506. The 1 MQ output impedance of the CAT506 
frees designers from concerns about voltage induced 
errors and voltage outputs can be had with no penalty in 
performance. 


Figure 1. DAC Output Equivalent Circuit 





FULL SCALE ADJUST 


The CAT506 output can be adjusted for any desired 
level between 0—1.0V or 0-40 mA via the FSapuyust pin. 
Referring to Figure 3, IREFr, which sets the DAC's Full 
Scale output current, is controlled by op amp A1. The 
control loop is configured so that A1 will maintain a 
constant 0.68 Volts at the FSapuust pin. As IRer has a 
maximum compliance voltage of 1.0 Volt, it is best to 
use Rtpiw as a variable resistor in series with Rset and 
tie FSapuust directly to IRer. This avoids the possibility 
of the voltage across the combination of Rrraimand Rset 
exceeding !REF's compliance range. | 





Figure 3. FSapyust Equivalent Circuit 
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Preliminary 


USING THE INTERNAL VOLTAGE REFERENCE 


Aprecision voltage reference is provided by the CAT506 
to allow for easy adjustment and control of IRer, which 
sets the DAC full scale output current, lout. The relation- 
ship between lout and IrEF is: 


7.892 * IREF 


lout 
Rset is then calculated from the equation: 


7.892 * VrRer 


Rset 
lout 


Where Vrer = 0.68 V. 


CAT506 


The internal reference is factory trimmed to compensate 
for variations in the transfer ratio of REF to lout , making 
the full scale output voltage accurate to within 0.3% for 
the transfer function: 


Ri 
Vout = 5.367 * 





Rset 


Full scale output voltage variation from device to device 
willbe +0.3% when there is perfect tracking between the 
load and reference current resistors. For optimum 
performance, Rset and Ri should be a trimmed resistor 
network with ratio tracking better than +0.1% and tem- 
perature coefficient tracking better than 5 ppm/°C. 


FSapJUST 
C) 


—-0.68V 
VOLTAGE 


REFERENCE 





| 





Figure 4a. External Voltage Reference, Single Supply 


MP5010NT 


Rset 


* These resistors must thermally 
track each other 


VV 








CAT506 


USING AN EXTERNAL VOLTAGE REFERENCE 


The precision voltage reference contained in the CAT506 
is factory trimmed by EEPROM circuitry to guarantee a 
maximum temperature drift of 10 ppm/ °C. For most 
applications this is more than adequate, however, there 
may arise occasions when system requirements dictate 
that an external reference be used. In such cases the 
on-chip reference can be disabled and control of IREF 
can be taken off chip. 


When using an external reference, the control amplifier’s 
offset and offset drift cannot be ignored. The D/A’s 
output stability is dependent upon not only the reference 
. but the control circuitry around it. For this reason it is 
recommended that the control amplifier be of the ultra 
low offset variety, typically < 25uV with a drift of less than 
0.1 pV/°C. 


Figure 4a shows an example of the CAT506 being used 
with an external reference in a single supply application. 
In this circuit, a low drift 1.2 V bandgap reference has 
been chosen and its voltage divided to 0.8 V by a pair of 
resistors. This is done to insure that IReEr does not 
exceed its voltage compliance range. The op amp, alow 
drift chopper stabilized type, replaces the internal con- 
trol amplifier, which has been de-activated by tying 
FSapuust to the positive supply rail. Control of IREF is 
effected through the COMP pin which adds an inversion 


Preliminary 


to the control loop (IREF current increases as Vcomp -> 
0 V). 


A simpler circuit can be used to incorporate an external 
voltage reference if a negative supply voltage is avail- 
able, as shown in Figure 4b. Here, a precision - 10V 
reference and Rset combine with the CAT506’s internal 
reference and amplifier to set and control IReF. VREF 
becomes the sum of the internal and external refer- 
ences, and Rset is calculated from the equation 


Vrer + 0.68 
Rset = 7.892 * 
lout 


Since Vrer is now the sum of the two references, alarge 
value voltage is chosen for the external reference so that 
its characteristics will be dominant. Any noise or drift 
exhibited by the internal reference is now reduced in its 
effect by the ratio of the two reference voltages. 


The internal reference is not precisely 0.68 V, as stated 
in the equation above, because it is factory adjusted to 
compensate for variations in the current transfer ratio of 
louTto IRer. To compensate for this, the external voltage 
reference can be offest by a corresponding amount 
using the Fine Adjustment feature. For references 
without this adjustment feature, Rser can be trimmed 
instead. 





Figure 4b. External Voltage Reference, Dual Supply 





0.68V 
VOLTAGE 
REFERENCE 
DAC 
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FSapJUST 
—O FINE ADJUST AD 
2701 
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Preliminary | CAT506 





SUPPLY DECOUPLING 

It is essential to decouple the power and ground supply Decoupling is best achieved through a filter network 
lines from the system’s main power bus. This prevents placed in series with the DAC’s power supply lines. The 
glitches and noise spikes generated elsewhere in the filter is comprised of two inductors, one in each supply 
system from getting into the DAC and showing up on its line, combined with several bypass capacitors. An ex- 
output. ample of this is shown in Figure 5. 


Figure 5. Typical Application: Unbuffered Voltage Output, 0-1V 


R 
“TRIM sTerere 0D 45V 


YOO 0 O GROUND 


DATA IN 





DATA IN 


NOTES 

1. C4 and C5 should be located as 
close to the IC as possible 

2. All GND pins are tied together 

3. All Vs pins are tied together 







|e | (O.1 uF Ceramic Capacitor || Erie | RPEV1225U104M50V_| 
| Ce | (0.01 uF Ceramic Capacitor _—|_Erie 
| C1 Ca | | 






Ce 
Co ENO, 
Cy 
Gi,Cs | 22uF Tantalum Capacitor | Mallory ___——+d|CSRISG226KM 
| Ry | 24.90!% Metal Film Resistor | Dale | SCMF-55C 
| Re | 121.1% Metal Film Resistor | Dale |S CMF-55C | 
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SUPPLY CURRENT 


The maximum supply current drawn by the CAT506 can 
be calculated from the equation: | 


Ig = Full Scale Output Current (in mA) + 
1.2mA per MHz of operating speed. 


P.C. BOARD LAYOUT 


Combining high speed with high precision presents a 
formidable challenge to system designers. Proper RF 
techniques must be used in board design, device selec- 
tion, supply bypassing, grounding and measurement if 
optimum performance is to be realized. 


BYPASS CAPACITORS 


The most important external components associated — 


with any high-speed design are the power supply by- 
pass capacitors. Selection and placement of these 
capacitors is critical, and to a large extent, dependent 
upon the specifics of the system’s configuration. The 
key consideration in selection of bypass capacitors is 
minimization of series resistance and inductance. Many 
capacitors will begin to look inductive at 20 MHz and 
above. Ceramic and metal film capacitors generally 
feature lower series inductance than the tantalum or 
electrolytic types. | 


Bypass capacitors should be installed on the printed 
circuit board as close to the IC as is physically possible, 
and with the shortest possible leads in order to minimize 
series lead inductance. Chip capacitors are optimal in 
this respect and thus highly recommended. 


CRITICAL CONNECTIONS 


In using the CAT506 it is of the utmost importance to be 
sure all Vs and GND pins are connected to to their 
respective: supplies. Failure to do so will result in 
improper DAC operation, and may result in damage to 
the IC. | 


HIGH-SPEED INTERCONNECT 


It is essential that care be taken in the signal and power 
ground circuits to avoid inducing extraneous voltage 
drops in the signal ground paths. All connections should 
be short and direct and as physically close to the 
package as possible. Any conduction path shared by 
external components should be minimized. When runs 
exceed an inch or so in length, some type termination 
resistor may be required. This is true of both the analog 
and digital sections. For digital signals the termination 
resistor will be dependent upon the logic family used. 


Ground planes should be connected at or near the DAC. 
Care should be taken to insure that the ground plane is 
uninterrupted over crucial signal paths. On the digital 
side, this includes the DAC output signal as well as the 
supply feeders. The use of wide runs or planes in the 
routing of powerlines is also recommended. This serves 
the dual function of providing a low series impedance 
power supply to the part as well as providing some "free" 
Capacitive decoupling to the appropriate ground plane. 


- For maximum AC performance, the DAC should be 


mounted directly to the circuit board; sockets should not 
be used as they increase lead inductance and capaci- 
tance. Any additional lead inductance or capacitance at 
the supply pins can seriously undermine dynamic per- 
formance. Even Teflon or "pin" sockets can create 
unwanted results, so soldering directly to the circuit . 
board is highly recommended. 
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0.47 pH 
O +5V 
10k ROUND 22 UF aia 
SINE O SINE 
31 0.1 pF 
COSINE O COSINE Vop 
a STEL 0.47 pH 
1175 
VV 22 pF 











| PLP-10.7 | 10.7 


| PLP-10.7 | 7 O Vout 
3002 
pata | © 0.1 pF eae VV 
CONTROL 
O 512 
v VV, 
O 
O 
O WY = ANALOG GROUND 
1300 
O VV = DIGITAL GROUND 
Ypp O 
10k 
NY VY 
RESET © 
WRITE ,, 
ae * 0.01 uF CHIP CAPACITORS 
10k OMITTED FOR CLARITY. 
STEL 1175: STANFORD TELECOMMUNICATIONS, INC. 
CLOCK © 


Figure 6. Direct Digital Synthesis (DDS) Using the CAT506 
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ORDERING INFORMATION 


Prefix Device # Suffix 


CAT — §06 


Product 
Number 








Integral Linearity Error 
A: 1/2 LSB 
B: 1 LSB 





Package 
C: 24-pin Ceramic DIP 


Optional 
Company ID 


Notes: 
(1) The device used in the above example is a CATS06AC (1/2 LSB Integral Linearity Error, Ceramic DIP) 
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Using Catalyst’s Serial E-PROMs 
in Shared Input/Output Configuration 


Application Staff 


Catalyst Semiconductor's family of serial E27PROMs 
utilizes 4 signals for the communication interface; Chip 
Select (CS) for device selection, Serial Clock (SK or 
CLK) for synchronizing serial data to and from the 
device, Data Input (Dl) to input serial data to the device 
and Data Output (DO) to output serial data from the 
device. This interface can be reduced to 3 signals by 
sharing DI and DO as a common input/output signal. 
However, the following precautions should be taken to 
prevent problems due to DI/DO contention: 


1) READ instruction in shared DI/DO 
configuration: 
(applies to 93046, 93C56, 93C57, 93C66 and 
93C86) 


Figure 1a. DI/DO Contention Timing During Read Cycle 


Data Output Pin (DO) remains in high impedance state 
while most of the READ instruction (i.e. start bit, opcode 
and address) is being input and offers no contention to 
the Data Input Pin (Dl) driverin a shared DI/DO configu- 
ration (Figure 1a). However, typically 50ns after the 
rising edge of the serial clock shifts in the least significant 
bit of the address stream (AO), DO outputs the dummy 
‘0’ bit to flag the beginning of the output data stream. If 
AO isa ‘1’ and the DI driver has not been disabled by the 
time the ‘0’ dummy bit becomes valid, a low impedance 
path between the system power supply and ground is 
created through the DI driver pullup and DO pulldown 
device (Figure 1b). 


Unless this condition causes excessive noise on the 


i a. aaa aa. 


HIGH-Z 
DO 
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system power supply (which may in turn cause noisy or 
spurious signals to the device), the READ instruction will 
continue and complete normally since AO is already 
shifted into the device. 


To minimize potential problems during this low imped- 
ance condition, a current limiting resistor should be 
placed between the DI driver and the DO pin when in 
shared DI/DO configuration (Figure 2). 


Alternatively, an open drain (or open collector) DI driver 
with pullup resistor could be used (Figure 2). 


In either case, the clocking rate should be slow enough 
to ensure that the resistor can charge or discharge the 
shared DI/DO bus capacitance before the appropriate 
clock edge. For example, if the resistor used is 10KQ, 
and the bus capacitance is 100pF, then a safe clock rate 
is calculated to be: 


Clock Period (T) =2x3RC 
=2xX3x 10kQ x 100pF 


= 6usec 


_ Frequency (f) 


=17 7 
= 167KHz 


2) Programming Instructions in shared DI/DO 
configuration: 
(93C46, 93C56, 93C57, 93C66 and 93C86 only) 


All3-Wire devices feature self-timed programming cycles. 
A programming status signal indicates whether the self- 
timed programming cycle is still in progress or has been 
completed. A ‘0’ status signal indicates that the device 
is still programming mode, while a ‘1’ status signal 
indicates that the programming cycle has been com- 
pleted and the device is ready to receive the next 
instruction. This feature will allow a user to minimize the 
programming time (tew). 





Figure 1b. Current Path 









DI DRIVER DI DRIVER 





SERIAL 
E2PROM 


5192 FHD F02 
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On the 93C46, 93C56, 93C57, 93C66 and 93C86 serial 1) Theclock (SK) should be stopped after shifting in the 


E?PROMs, the programming status signal can be read programming instruction. This prevents the ‘1’ ready 
on the DO pin by bringing CS high after initiating a status from resetting the status signal before it can 
programming cycle. In a 4-signal interface, after a pro- be read. 

gramming cycle is complete, the status signal is reset to a 

high impedance by the start bit of the next instruction 2) After reading the ‘1’ ready status, at least one clock 
(Figure 3). pulse should be input to the device while the DI/DO 


signal is ‘1’ in order to reset the status signal. 
In a shared DI/DO configuration, the ‘1’ status signal on 
DO can be clocked into the device as a start bit and reset 3) CS should then be brought low to reset the instruc- 
the status signal before it can be read. This can interfere tion logic. 
with the DI signal of the next instruction cycle. The 
following steps are recommended to avoid these condi- 
tions for a 3-signal interface (Figure 4): | 


The next instruction can now be executed without any 
contention from the DO signal. 


Figure 3. Programming Instruction and Status Reset with 4-Signal Interface 


PROGRAMMING 
INSTRUCTION VERIFY STATUS NEXT INSTRUCTION 


teed eshte de edesa) eay a yie 


CS 


SK 


DI 


13] 


HIGH-Z READY 


DO BUSY 


| 


<«—_—_—- tew 





Figure 4. Programming Instruction and Status Reset with 3-Signal Interface 


PROGRAMMING 
INSTRUCTION VERIFY STATUS NEXT INSTRUCTION 





PROGRAMMING STATUS 
RESET AT THIS CLOCK EDGE 


5192 FHD FO5 
Notes: 


(1) Programming status reset on falling clock edge (93C46). 
(2) Programming status reset on rising clock edge (93C46, 93C57, 93C66 and 93C86). 
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I2C Interface to 8051 Microcontroller 


Application Staff 


Introduction to I2C 


The I?C (Inter-Integrated Circuit) bus isa 2-wire serial 
bus which provides a small networking system for cir- 
cuits sharinga common bus. The devices onthe bus can 
vary from microcontrollers to LCD drivers to E2PROMs. 


Two bi-directional lines, a serial data (SDA) and a serial 
clock (SCL) line, transmit data between the devices 
connected to the bus. Each device has a unique 
address to differentiate it from the other devices on the 
bus, and each is configured either as a master or a slave 
when performing data transfers (see Table 1). A master 
is the device which initiates a data transfer and gener- 
ates the clock signals necessary for the transfer. Any 
device that is addressed is considered a slave. The I?C 


Table 1. Definition of IC Bus Terminology 





Term 





Transmitter 






Receiver 






Master 






Slave 
Multi-Master 







Arbitration 








Figure 1. START/STOP Timing 






SDA 






SCL 


START BIT - 


Figure 2. Slave Address Bits 


bus is a multi-master bus, which means that more than 
one device that is capable of controlling the bus can be 
connected to it. 


Each transmission on the bus begins with the Master 
sending a Start condition and ends with a Stop condition 
(see Figure 1). The Master then sends the address of the 
particular slave device it is requesting. The first four bits 
of this slave address are fixed as 1010. The next three 
bits specify a combination of the device address bit(s) 
and which 2K array of the memory is being addressed 
(see Figure 2). The last bit of the slave address specifies 
whether a read or write operation is to be performed. 
When this bit is a “1”, a read operation is performed, and 
when it is a “0”, a write operation is performed. 





More than one master can attempt to control the bus at the same time without corrupting 
the message. 

Procedure to ensure that, if more than one master simultaneously tries to.control the bus, 
only one is allowed to do so, and the message is not corrupted. : 


Synchronization Procedure to synchronize the clock signals of two or more devices. 





STOP BIT 


5194 FHD FO01 


pt fos [ola] a | a0 | rae 


5194 FHD F07 





PC Interface to 8051 Microcontroller 


After the Master sends a Start condition, the slave 
(E2PROM) monitors the bus and responds with an 
acknowledge when its address matches the transmitted 
slave address (see Figure 3). The device then performs 
a read or write operation depending on the state of the 
R/W bit. 

CAT24CXX Interface to 8051 Microcontroller 


Catalyst’s I?C family of devices interfaces directly with 
industry standard microcontrollers such as the Intel 
MCS-51 family. This family includes 8031/8051 and 
8032/8052 (ROMless/ROM) family types. 


Catalyst I2C E7PROMs are 2-wire interface, nonvolatile 
memories ranging from 2K bits (CAT24WC02) to 64K 
bits (CAT24WC64) in density. They adhere to the I?C 
protocol which uses 2 lines, a data (SDA) and serial 
clock (SCL) line for all transmissions, as described 
above. 


Figure 3. ACKNOWLEDGE Timing 


SCL FROM 
MASTER 


DATA OUTPUT 
FROM TRANSMITTER 


DATA OUTPUT 
FROM RECEIVER 


START 


| 


The CAT24WC02 E?PROM has an 8 byte page write 
buffer and a write protect pin for inadvertent write protec- 
tion. The CAT24WC04, CAT24WC08 and CAT24WC16 


devices have 16 byte page write buffers. Up to eight 


CAT24WC02 devices, four CAT24WC04 devices, two 
CAT24WC08 devices and one CAT24WC16 device 
may be connected to an I@C bus and addressed inde- 
pendently. The CAT24WC32/64 has a 32-byte Page 
Write buffer and up to eight devices may be connected 
to an I?C bus and addressed independently. Unique 
addressing is accomplished through hard-wiring ad- 
dress pins AO, A1 and A2 on each device. An example 
program follows that demonstrates simple byte write 
and byte read routines as well as page mode and 
sequential read routines using an 8051 microcontroller. 
Figure 4 shows a simple hardware interface. 





| 


ACKNOWLEDGE 
5194 FHD F02 
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Figure 4. I2C Interface to 8051 Microcontroller 
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<< ASM51 >> CROSS ASSEMBLER VER.2.5M 


LOC. OBJECT 


g RR KK KKK RK KK KKK KKK KK KKK KKK KERR KKK KKK KERR KEKE KK KKK RK KEK KKEKKEKKKKKEKKKKKKK KE 


MICROCONTROLLER 


NOTE: 


0090 
BIT 0 

0091 
BIT 1 

0005 
BITS 

REG 
FROM DEVICE 

0085 


0030 


0030 
0031 
0032 
0033 


0040 
0040 


0040 
0040 02 O01 


0100 
0100 75 81 


00 


40 


STACK POINTER 


O103°°75.-31 
BLOCK 

0106 75 33 

0109 75 32 

010C 75 30 


O10F 31 45 
ROUTINE 
0111 51 1D 
ROUTINE 
0113 31 1A 
ROUTINE = 
0115 31 D6 


00 

55 

00 

AA 
[0145] 
[021D] 


[011A] 


[01D6] 


a; 


2 


Oo OnAINHND OF LP W 


10 
fi 


12 
13 


14 


15 


ne 
18 
Lg 
20 
ae 
22 
23 
24 
25 
26 
27 
28 
29 
30 
oa 


39 
34 


36 


41 
42 


43 


44 


45 


LINE 


ASSEMBLE LIST DATE: © 


STATEMENT 


PAGE: At 


I2C_8051.ASM 


; THE FOLLOWING CODE SHOWS AN INTERFACE BETWEEN AN 8051 


; AND CATALYST’S I2C FAMILY OF EEPROMS. 


e 
a 


; IT DEMONSTRATES A BYTE WRITE/BYTE READ ROUTINE AND A PAGE MODE 


; WRITE/SEQUENTIAL READ ROUTINE. 


IT USES TWO LINES FROM PORT 1 


; (P1.0 AND P1.1) OF THE 8051 TO COMMUNICATE WITH THE CAT24CXx. 


° 
‘ 


; THIS PROGRAM WILL WORK WITH THE CAT24WC02/04/08/16 DEVICES. 


; THE 24WCO2 HAS AN 8 BYTE PAGE BUFFER AND 24WC04/08/16 HAVE A 
; 16-BYTE PAGE 


BUFFER. : KEKEKKKRKEKKEKRKEKEKE KKK KKK EK KK KEKKEKKEKKKKE KKK KEKE K KEKE KKK KKEKEKEKKKEKEKKKRKEKKKKKRKKKEKK 


SCL BIT 
SDA BIT 
SLV_ADDR EQU 
16 DATAOUT 
ACK_READ EQU 
DSEG. 
ORG 
PAGE_DATA: DS 
BLK_ADDR: DS_ 
BYTE ADDR: Ds 
BYTE DATA: DS 
ORG 
STACK: DS 
CSEG 
ORG 
32 
ORG 
35 BEGIN: 
37 
38 
39 
40 
ACALL 
ACALG 
ACALL 
ACALL 


P1.0 

P1.1 

0101B 

EQU R5 

100001018 

0030H 

a 

id 

a8 

1 

40H 

31 

0040H 

LJMP BEGIN 

0100H 

MOV SP; #STACK 

MOV BLK_ADDR, #000B 
MOV BYTE_DATA, #55H 
MOV BYTE_ADDR, #00H 
MOV PAGE_DATA, #0AAH 
PAGE_WR 

SEQ_RD 

BYTE_WR 

SELECT_RD 


PSCL; BIT ITS. PORT 1, 
;SDA BIT IS PORT 1, 
;FIXED SLAVE ADDRESS 


;DATA READ 


';READ FOR ACK POLLING 


; INITIALIZE 


; INITIALIZE 2K. 

;BYTE DATA 

;BYTE ADDRESS 

; PAGE DATA 
;CALL PAGE WRITE 
;CALL SEQ. READ 


;CALL BYTE WRITE 


;CALL BYTE READ 
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ROUTINE 
0117 02 01 17 46 DONE: LUMP DONE ;LOOP UNTIL 
RESET OCCURS 
AT 
48 eRERER ERK RRR ERA ER ERRA ER ER RER EEE REE EERE RK RE HK 
AQ 
50 PRR N RRR OK KR BYTE WRITE KAKEKKEKK KKK KK KKK KKK 
51 | 
011A 31 95 [0195] 52 BYTE_WR: ACALL START _BIT ;SEND START BIT 
011C 74 05 53 MOV A, #SLV_ADDR ;FIRST 4 SLAVE AD- 
DRESS . 
O11E 7F 04 54 MOV R7, #4H ;BITS 
0120 31 89 [0189] 55 ACALL SHFTO 
0122 E5 31 56° MOV A, BLK_ADDR ;2K BLOCK ADDRESS 
0124 7F 03 57 MOV R7, #3H 
0126 31 89 [0189] 58 ACALL SHFTO 
<< ASM51 >> CROSS ASSEMBLER VER.2.5M ASSEMBLE LIST DATE: PAGE: 2 
LOC. OBJECT LINE STATEMENT I2C_8051.ASM 
0128 74 00 59 MOV A,#00H ;R/W BIT SET TO 0 FOR 
012A 7F 01 60 MOV R7, #1H +-WRITE 
012c 31 89 [0189] 61 ACALL SHFTO 
012E 31 AA [01AA] 62 ACALL SLAVE_ACK 
63 
0130 E5 32 64 MOV A, BYTE_ADDR ;BYTE ADDRESS 
0132 7F 08 65 MOV R7, #8H 
0134 31 89 [0189] 66 ACALL SHFTO 
0136 31 AA [01AA] 67 ACALL SLAVE_ACK 
0138 E5 33 68 MOV A, BYTE_DATA ;BYTE DATA 
013A 7F 08 69 MOV R7,#8H 
013c 31 89 [0189] 70 - ACALL SHFTO 
013E 31 AA [01AA] FA. ACALL SLAVE_ACK 
0140 31 Al [01A1] 72 ACALL STOP_BIT ;STOP BIT 
0142 31 74 [0174] 73 ACALL ACK_POL ;CALL ACK POLLING, 
WAIT 
0144 22 74 RET ;FOR END OF WRITE 
CYCLE ne) 
715 RARER AAA REE RR AA AREA SS Ea ee AR 
76 
77 RR IK RK RRR A RE PAGE WRITE KEKRKKKKKE KK KKEKEKKEEEK 
78 
0145 31 95 [0195] 79 PAGE_WR: ACALL START _BIT ;SEND START BIT 
0147 74 05 80 MOV A, #SLV_ADDR ;FIRST 4 SLAVE AD- 
DRESS 
0149 7F 04 81 MOV R7, #4H ;BITS 
014B 31 89 [0189] 82 ACALL SHFTO 
014D E5 31 83 MOV - A,BLK_ADDR ;2K BLOCK ADDRESS 
O14F 7F 03 84 MOV R7, #3H 
0151 31 89 [0189] 85 ACALL SHFTO 
0153 74 00 86 MOV A, #00H ;R/W BIT SET TO 0 FOR 
0155 7F 01 87 MOV R7, #1H ;WRITE 
0157 31 89 [0189] 88 ACALL SHFTO 
0159 31 AA [01AA] 89 | ACALL SLAVE_ACK 
015B E5 32 90 MOV A, BYTE_ADDR ;BYTE ADDRESS 
015D 7F 08 91 MOV R7, #8H 
O15F 31 89 [0189] 92 ACALL SHFTO 
0161 31 AA [01AA] 93, ACALL SLAVE_ACK 
0163 7C OF 94 MOV R4, #0FH 
95 NEXT_DATA: ;WRITE 16 BYTES TO 
0165 E5 30 96 MOV A, PAGE_DATA ; EEPROM 
0167 7F 08 97 MOV R7, #8H 
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0169 31 89 [0189] 98 ACALL SHFTO 


016B 31 AA [O1AA] 99 - ACALL SLAVE_ACK 
016D DC F6 [0165] 100 -* DJNZ R4,NEXT_DATA 
016F 31 Al [01A1] 101 ACALL STOP_BIT 
0171 31 74 [0174] 102 -  ACALL ACK_POL . ;CALL ACK 
POLLING, WAIT 
0173 22° 103 RET | ;FOR END OF WRITE 
CYCLE | | 
104 2 RA RR RR AR KAR AIR II AK A kk ek 
105 | 
106 g RK Re Kk ee ek ACK_POL KKK KKK KEKE KKEKKEKKRKEE 
| 107 
0174 7B 40 108 ACK_POL: MOV R3,#40H | ;# OF TIMES TO POLL. 
(0176 DB 02 [017A] 109 ACK_LOOP: DJNZ R3,DONE_YET ; DEVICE 
0178 80 0c [0186] 110 SJMP DN_ACKPOL | 
017A 31 95 [0195] eee DONE_YET: ACALL START _BIT ;SEND START BIT 
017C 74 85 £12 MOV A, #ACK_READ ;SEND READ 
O17E 7F 08 113 MOV R7,#8H . 
0180 31 89 [0189] 114 | ACALL SHFTO 
0182 31 AA [01AA] 115 ACALL SLAVE_ACK ; SEND ACKNOWLEDGE 
0184 40 FO [0176] 116 ge ACK_LOOP | ;LOOP IF NO ACK RCVD, 
<< ASM51 >> CROSS ASSEMBLER VER.2.5M ASSEMBLE LIST DATE: PAGE: 3 
LOC. OBJECT LINE STATEMENT | T2C_8051.ASM 
117 ;JUMP IF ACK RCVD 
0186 31 Al [01A1] V1.8 DN_ACKPOL: ACALL STOP_BIT ;SEND STOP BEFORE 
RETURN | 
0188 22 119 RET | 
120 pF I Ie I I I I KR RR Kk 
stead 
122 Se Re ee Nn SHFTO KEKE KEKKKEKKEKKEKEKKKEKKKEKKEKE 
123 . 
0189 C2 90 124 SHFTO: CLR SCL 
018B C2 90 125 NXTSHF: CLR SCL 
018D 13 126 RRC A ;ROTATE DATA INTO 
CARRY 
018E 92 91 127 MOV SDA,C ;SEND CARRY TO SDA 
0190 D2 90 128 SETB SCL 
0192 DF F7 [018B] 129 : DJNZ  R7,NXTSHF 
0194 22 130 RET | 
131 - EIR: Te he ee De ye AO Re ee ae Dy Pee Oe Teen te Pe Ie See 
132 
133 Cee EEE ES Ee Se START BIT SERRE RRS ee eR a 
134 
0195 D2 90 135 START_BIT: SETB SCL. ;START BIT 
0197 00 136 NOP 
0198 D2 91 137 SETB SDA 
019A 00 138 NOP 
019B C2 91 139 CLR SDA 
019D 00 140 NOP 
019E C2 90 1421 CLR SCL 
01A0 22 142 RET 
143 I ARAKI III AKI II IIIA ARI IOI He He 
144 | 
145 e RE KKEKKEKEKEKRKEK STOP BIT KREEKKKKEKEKKKKKKK KKK 
«146 7 
01A1 C2 91 147 STOP_BIT: CLR SDA | ;STOP BIT 
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01A3 00 148 NOP 
01A4 D2 90 149 SETB SCL 
O1A6 00 150 NOP 
O1A7 D2 91 151 SETB SDA 
O1A9 22 152 RET 
153 g ERK KKK KKH HKK RK KKK KK KEKE KKK KKK KERR KEKRKER KK KKK 
154 
155 sR RREKKKKE KKK KK SLAVE ACKNOWLEDGE KKKKKKKKEK 
156 
O1AA 00 157 SLAVE_ACK: NOP 
O1AB 00 158 NOP 
O1AC C2 90 159 CLR SCT ;SLAVE ACKNOWLEDGE 
BIT 
O1AE 00 160 NOP 
O1AF D2 91 161 SETB SDA 
01B1 00 162 NOP 
01B2 00 163 NOP 
01B3 D2 90 164 SETB SCL 
01B5 00 165 ° NOP 
01B6 00 166 NOP 
01B7 00 167 NOP 
01B8 A2 91 168 MOV C,SDA ;READ STATE OF SDA, 
01BA C2 90 169 CLR SCL ;SAVE TO CARRY 
01BC 22 170 RET 
<< ASM51 >> CROSS ASSEMBLER VER.2.5M ASSEMBLE LIST DATE: PAGE: 4 
LOC. OBJECT LINE STATEMENT I2C_8051.ASM 
L71 RR KEK KEKE KR REE KEE KKK ERK ERE EEK KREKEKEKREKREKKE KER 
172 
173 gE KKEKKKKEKEKKESR MASTER ACKNOWLEDGE kKaeKKK KK KEK 
174 
175 MSTR_ACK: 
01BD C2 90 176 CLR SCL ;MASTER ACKNOWLEDGE 
BIT 
O1BF 00 177 NOP 
01C0 C2 91 178 CLR SDA 
01C2 00 179 NOP 
01¢3 00 180 NOP 
01C4 D2 90 181 SETB SCL 
01C6 00 182 NOP 
01C7 C2 90 183 CLR SCL 
01Cc9 00 184 NOP 
O1CA D2 91 185 SETB SDA 
O1cc 22 186 RET 
187 gE KKEKKKEE EKER EKER ERE EKER KMKRKEKKKEKKKEKKKKEK 
188 
189 g RR KKEKKEKEKEKK NO ACKNOWLEDGE KKEEKKKKKKK KKK 
190 
01CD D2 91 191 NO_ACK: SETB SDA ;NO ACKNOWLEDGE 
01CF 00 192 NOP 
01D0 D2 90 193 SETB SCL 
01D2 00 194 NOP 
01D3 C2 90 195 CLR sch 
01D5 22 196 RET 
197 : g RRR KEREKKEKKE KKK KKEEKKRERKKEKKKEKKKKKKKKKKKEKE 
198 | 
199 EEE SR EK SELECTIVE READ KEKE KKKKKKEKKEK 
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200 
201 SELECT_RD: | 
01D6 31 95 [0195] (202 ACALL START_BIT ;START BIT 
- 3 203 | ; : 
01D8 74 05 204 MOV A, #SLV_ADDR _ ;DUMMY WRITE TO FIRST. 
O1DA 7F 04. 205 MOV R7,#4H ;2K BLOCK 
01DC 31 89 [0189] 206 ACALL SHFTO 
O1DE E5 31 207 MOV A,BLK_ADDR _ ;2K BLOCK ADDRESS 
O1E0 7F 03 208 ~ MOV R7,#3H | 
01E2 31 89 [0189] 209 ACALL SHFTO 
01E4 74 00 — 210 MOV A,#00H ;R/W BIT SET TO 0 
O1E6 7F OL 214)- MOV R7,#1H . . ;FOR WRITE 
O1E8 31 89 [0189] 212 : ACALL SHFTO 
O1FA 31 AA [01AA] 213 ACALL SLAVE_ACK ;SEND ACKNOWLEDG 
214 
O1EC E5 32 215 MOV A, BYTE_ADDR _ ;ADDRESS TO READ 
O1EE 7F 08 216 MOV R7, #8H 
O1FO 31 89 [0189] 217 ACALL SHFTO 
O1F2 31 AA [01AA] 218 ACALL SLAVE_ACK 
| 219 
O1F4 31 95 [0195] 220 ACALL START_BIT ;NEW START BIT 
221. 
O1F6 74 05 | 222 MOV A, #SLV_ADDR 
O1F8 7F 04 223 MOV R7,#4H 
<< ASM51 >> CROSS ASSEMBLER VER.2.5M ASSEMBLE LIST DATE: PAGE: 5 
LOC. OBJECT LINE STATEMENT : T2Cc_8051.ASM 
O1FA 31 89 [0189] 224 | ACALL SHFTO 
O1FC E5 31 225 MOV A, BLK_ADDR ;2K BLOCK TO READ 
O1FE 7F 03 226 MOV R7,#3H 
0200 31 89 [0189] 227 ACALL SHFTO. 
0202 74 01 228 MOV A, #1H ;R/W BIT SET TO 1 
0204 7F 01 229 MOV R7,#1H ;FOR READ 
0206 31 89 [0189] 230 ACALL SHFTO 
0208 31 AA [01AA] 231 ACALL SLAVE_ACK 
232 
020A 7F 08 233 MOV R7,#8H 
020C D2 90 . 234 CLOCK8: SETB SCL ;CLOCK IN DATA 
020E 00 235 | NOP 
O20F A2 91 236 MOV C,SDA . 
0211 c2 90 237 CLR SCL 
0213 ED 238 MOV A, DATAOUT 
0214 33 239 RLC A ;ROTATE NEXT BIT 
0215 FD 240 MOV DATAOUT,A ;SAVE ROTATED DATA 
0216 DF F4 [020C] 241 DJINZ  R7,CLOCK8 _;READ 8 BITS OF DATA 
0218 31 CD [01CD] 242 ACALL NO_ACK 
021A 31 Al [01A1] 243 ACALL STOP_BIT 
021C 22 244 RET 
245 AAAS REE AN EE EE EAR AE A RL RAR RS ER 
246 
247 i Me Re ee Oe Oe ae ae ge SEQUENTIAL READ KKKKRK KK KKK KK 
248 
249 SEQ_RD: 
021D 31 95 [0195] 250 ACALL START_BIT ;START BIT 
251 
021F 74 05 252 MOV A, #SLV_ADDR ;DUMMY WRITE TO FIRST 
0221 7F 04 253 MOV R7, #4H ;2K BLOCK 
0223 31 89 [0189] 254 ACALL SHFTO 
0225 E5 31 255 MOV A, BLK_ADDR ;2K BLOCK ADDRESS 
0227 7F 03 256 MOV R7,#3H 
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0229 31 89 [0189] 257 ACALL SHFTO 
022B 74 00 258 MOV A, #00H ;R/W BIT SET TO 0 
022D 7F 01 259 MOV R7,#1H ;FOR WRITE 
022F 31 89 [0189] 260 ACALL SHFTO 
0231 31 AA [01AA] 261 ACALL SLAVE_ACK 
262 
0233 E5 32 263 MOV A, BYTE_ADDR ;ADDRESS TO READ 
0235 7F 08 264 MOV R7,#8H 
0237 31 89 [0189] 265 ACALL SHFTO 
0239 31 AA [01AA} 266 ACALL SLAVE_ACK 
267 
023B 31 95 [0195] 268 ACALL START_BIT ;NEW START BIT 
269 
023D 74 05 270 MOV A,#SLV_ADDR 
023F 7F 04 27%: MOV R7,#4H 
0241 31 89 [0189] 212 ACALL SHFTO 
0243 E5 31 212 MOV A, BLK_ADDR ;2K BLOCK TO READ 
0245 7F 03 274 MOV R7,#3H 
0247 31 89 [0189] 275 ACALL SHFTO | . 
0249 74 O1 276 MOV A, #1H ;R/W BIT SET TO 1 
024B 7F 01 277 MOV R7,#1H ;FOR READ 
024D 31 89 [0189] 278 ACALL SHFTO 
O24F 31 AA [01AA] 279 ACALL SLAVE_ACK 
280 
<< ASM51 >> CROSS ASSEMBLER VER.2.5M ASSEMBLE LIST DATE: | PAGE: 6 
LOC. OBJECT LINE STATEMENT I2C_8051.ASM 
0251 7E OF 281 MOV R6, #0FH 
0253 7F 08 282 NXT_BYTE: MOV R7,#8H 
0255 D2 90 283 ONE_BYTE: SETB SCL ;READ 16 BYTES OF 
DATA 
0257 00 284 NOP 
0258 C2 90 285 CLR SCL 
025A 00 286 NOP . 
025B DF F8 [0255] 287 DJINZ R7,ONE_BYTE 
025D 31 BD [01BD] 288 ACALL MSTR_ACK ; ACKNOWLEDGE 
025F DE F2 [0253] 289 DJNZ R6,NXT_BYTE 
, 290 
0261 7F 08 291 MOV R7,#8H 
0263 D2 90 292 LST_BYTE: SETB SCL 
0265 00 293 NOP ;READ LAST BYTE 
0266 C2 90 294 CLR SCL 
0268 00 ; 295 NOP 
0269 DF F8 [0263] 296 DINZ R7,LST_BYTE 
026B 31 CD [01CD] 297 ACALL NO_ACK ;NO ACKNOWLEDGE 
026D 31 Al [01A1] 298 ACALL STOP_BIT | ;STOP BIT 
O26F 22 299 RET 
300 SOI IO IO RI IO III IO IOI IOI IO I IOI IOI I ICR IOI IO Ik ak 
301 END 


ASSEMBLY END , ERRORS:0 
LAST CODE ADDRESS: 026F 
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I CATALYST 


SEMICONODUCTOAR 


CAT64LC10: A User-Friendly Serial E7-PROM 


Application Staff 


INTRODUCTION ¢ Two methods for displaying Ready/BUSY status: 


1. RDY/BUSY pin which normally outputs a logic low 


The CAT64LC10, a 1K bit serial E-P ROM device, has a when the device is in a programming cycle. 


configuration of 64 registers by 16 bits“). Pin configura- 


tions are provided in Figure 1. The features that separate 2. Enable CS which will cause DO to output a logic 
this particular device from 2-Wire, 3-Wire and 4-Wire low while the device is programming. As soon as 
Catalyst serial E°7PROMs include: the programming cycle is completed, the DO pin 


will output a logic high if CS is enabled. This 
“READY” status will be available from the DO pin 
any time CS is enabled. To reset the “READY” 
status on the DO pin, simply enable CS, and then 
enter a logic high on the DI pin. The first rising edge 
of the SK clock after DI has become “high” will 


e RESET pin which can inhibit any write/erase 
operation from being executed. It can also abort a 
write/erase operation that is in progress. This 
feature adds data protection from inadvertent write 
in addition to the erase/write enable (EWEN) 


netvenen: cause the DO pin to return to high impedance. 

e Instructions and data are latched into the input of 
the device at the rising-edge of the SK clock. Data ¢ Every instruction is a multiple of 16 bits (8 bits of 

output from the device is clocked out at the falling- opcode and an 8 bit address or 8 dummy bits). 

edge of the SK clock. This is useful for interfacing READ or WRITE instructions require an additional - 
to the SPI bus of Motorola microprocessors. 16 bits of data. 

¢ CS (Chip select) must be low to select the device. e Every instruction begins with a start sequence of 
This is also useful for interfacing to the SPI bus of “1010”. Prior 4 bit sequences other than “1010” will 
Motorola microprocessors. be ignored. For example, starting sequences such 

| as “1000”, “1100”, “1001” or “1111”, etc. will be 
ignored. 


_ Figure 1. Pin Configurations for CAT64LCXX Devices 
DIP Package (P) SOIC Package (J) SOIC Package (S) 


CS C]e1 8 Vcc RDY/BUSY C_]*1 8/2] RESET CS cet 81 Vcc 
sk] 2 7 (7 RDY/BUSY Voc E] 2 7 (2 GND SK [] 2 7 [2] RDY/BUSY 
DIC] 3 6 [7 RESET CSC] 3 6 [> Do DIC] 3 6 [7] RESET 
DOL] 4 5 [] GND SK CF] 4 5 [7] DI DO C| 4 5 [7°] GND 
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Note: | 
(1) Catalyst SPI bus serial E7PROMs are available in densities of 1K, 2K and 4K bits. See Section 4 of this data book. 


TD 5197 
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WHY IS THE CAT64LC10 USER- 
FRIENDLY? 


¢ Can be configured in a Microwire 3-wire bus | 
| structure by simply connecting the DI and DO pins 
together (see Figure 2). The Ready/BUSY status is 
obtained from the DO pin. | 





e Can be configured in a 4-wire bus structure (see 
Figure 3). In this instance, the Ready/BUSY status 
is available directly from the RDY/BUSY pin. 


e Shifts data in and out at opposite edges of the 
clock, which makes it easy to interface to 
microcontrollers by using the system clock instead 
of having to internally generate a separate clock for 





serial data transfer. This feature saves code space 


and effort in terms of software development. 
Protocol is compatible with SPI interface. 


- Pin-controlled data protection. 


HOW IS THE CAT64LC10 COMPATIBLE 
WITH THE SPI BUS? 


¢ The CAT64LC10 accepts a logic low on CS to be 


selected. Input of instructions and data are clocked 


_ in from the DI pin at the rising edge of the clock. 


When outputting data, the device will shift out data 
at the falling edge of the clock (see Figure 4). This 
interface complies with Motorola’s SPI interface. 


Figure 2. CAT64LC10 in a 3-Wire Bus Structure 


u-Controller 

















_ p-Controller 


u-Controller 








2.5V — 6.0V 
O) 


CAT64LC10 


vcc 
RDY/BUSY 


RESET 
GND 
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2.5V — 6.0V 
O 
CAT64LC10 
vec 
RDY/BUSY 
RESET 
GND 
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2.5V — 6.0V 
€ 


CAT64LC10 


vcc 
RDY/BUSY 
RESET 
GND 
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DATA PROTECTION 
e Software Protection: EWEN/EWDS instructions 


are erase/write enabling and disabling instructions 
which can protect the device from inadvertently 
writing over the data. 


CAT64LC10: A User-Friendly Serial E7PROM 


instruction if the RESET pin is held high anywhere 
during the input of instructions or addresses for 
more than one clock. However, if the RESET pin is 
held high after the input of the last address bit for 
more than one clock, the device will abort the 
WRITE or WRAL instruction and output a READY 


-e Pin Controlled Protection: By setting the RESET Status. 

pin high, write instructions cannot be executed. The CAUTION: Interrupting a programming cycle which is in 

device will ignore the input of a WRITE or WRAL progress can have unpredictable results in terms of data 
integrity and is therefore not recommended. 
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Il EATALYST 


SEMICONDODUCECTAR 


How to Use Catalyst Secure Access Serial E7-PROMs 


Applications Staff 


INTRODUCTION 


This application note is intended to be a tutorial on the 
use of CAT35C704A/35C804A Secure Access Serial 
E*PROMs. Device operation and typical applications 
for the device are shown as well as examples for each 
of the instructions available. 


DEVICE OPERATION 


The CAT35C704A/35C804A is a 4K bit Secure Access 
Serial E7PROM that can be used in applications that 
require nonvolatile memory storage and a need to 
protect the contents of that memory from unauthorized 
access. Two basic modes of operation are available, 
protected and unprotected. In the unprotected mode, 
with the memory pointer set to “0”, the device operates 
like a standard E7PROM, allowing full read/write access 
to the entire array. 


Using the memory pointer the user can determine how 


much memory needs protection. With the WMPRcom- | 


mand, a pointer value can be set to split the memory 
array into two blocks. Addresses above the pointer 
value offer full Read/Write access; addresses below and 
including the pointer are Read only (see Figure 1). 





Figure 1. Access Control Using No Access Code 


<— TOP OF ADDRESS 


READ/WRITE 
ACCESS 


MEMORY ARRAY 


P< MEMORY POINTER 


READ ONLY 
ACCESS 


<— ADDRESS = 0 
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In the protected mode, up to 8 bytes of password 
security are available. Once the password has been set 
and a disable access (DISAC) command (or power 
down) has been executed, the device becomes inacces- 
sible with only the portion of the array not protected by 
memory pointer readable (see Figure 2). Upon power 
up, the correct password must be sent to the device 
before any writing or moving of the memory pointer can 
be done. This scheme lends itself to applications where 
users are allowed to view only those portions of memory 
that is intended for them to see. For example, an 
application where data is uncovered in the array (by 
moving the memory pointer) to make available to the 
user certain features/options that they require, as in the 
cable TV industry (see Figure 3). 


Among the 19 instructions available with the 


CAT35C704A/35C804<A is a Read Status Register (RSR) 
instruction, which lets a system interrogate the device 
and determine its working status. The 8 bit status 
register displays information regarding parity errors, 
instruction errors and RDY/BUSY status. An organiza- 
tion instruction (ORG) is also available for organizing the 
memory into either 512x8 or 256x16 configurations 


depending on the application. 


Figure 2. Access Control Using Access Code 


<— TOP OF ADDRESS 


<— ADDRESS =0 
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In addition, to allow for reading multiple words from the 
memory and minimize the overhead of repeated Read 
instructions, a Read Sequential (RSEQ) instruction al- 
lows you to specify a starting location and then continu- 
ously shift out data to the end of the array. 


The security code is entered/modified by sending the 
Modify Access Code (MACC) instruction followed by the 
length of the access code (1 to 8 bytes), the old access 
code (if needed), and then the new access code twice 
(for verification). Once power has been removed (or the 
DISAC instruction sent), the Enable Access (ENAC) 


instruction, followed by the correct access code, must be 
sent to the device or the memory array’s protected 
portion cannot be accessed, and the memory contents 
above the pointer remain Read only. 


A simple interface is shown in Figure 4 where the 
CAT35C704 is used in an electronic key application. 
The device interfaces directly to a microprocessor andis 
used as the security portion of a door lock mechanism. 
The lock is only activated when the key’s (hotel key, car 
key, etc.) access code matches the one stored in the 
CAT35C704. 


Figure 3. Using CAT35C704A/35C804A for Protected Features 


E E 
<— ADDR =FO 


A 
T 
U 


Figure 4. CAT35C704 in an Electronic Key 
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INSTRUCTION SET 


The following section describes the 19 instructions avail- 
able for the device and examples of each. 


SECURITY OR WRITE PROTECT 
INSTRUCTIONS 


1. MACC—Modify Access Code 


This instruction allows the user to issue anew password 
to the device or modify an existing one. The password 
is issued in the following manner: 


1101 | [Length of new pswrd] [old pswrd] [new pswrd] [new pswrd] 


For example, to issue the device a password for the first 
time, send the following: 


1101 ' 3 AA 55 D2 AA 55 D2 
Instruction Length 3-Byte Pswrd Repeat 
Code 3-Byte Pswrd 


The device now has a3 byte password of AA 55 D2. To 
change this password to a 5 byte password, send the 
following: 


1101 5 AA55 D2 0102030405 010203 04 05 
Instruction Length Old Pswrd New Pswrd Repeat 
Code of New Pswrd 
New 
Pswrd 


The device now has a5 byte password equal to 01 0203 
04 05. This password can be modified in the same 
manner to any length password you choose, up to 8 
bytes. 


Finally, to modify the password back to a 0 length (no 
password), send the device the following instruction: 


| 1101 0 01 02 03 04 05 
Instruction Length Old Pswrd 
Code of 
New 
Pswrd 


The device is now in the unprotected mode. 
2. ENAC/DISAC—Enable/Disable Access 


These two instructions permit the user to turn on or off 
the password protection to the device. To disable any 
access to the device, send the following instruction: 


1000 | 1000 


Instruction 
Code 
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The device will give no indication that it has been 
disabled other than you now cannot Read or Write to the 
array. 


To enable the device operation, send the following 
instruction: 


1100 | 0101 | [Access Code] 


For example, to enable access to a device that has an 8 
byte password stored in the access code register, send 
the following: 


0101] 01 02 03 04 AABB CC DD 


Instruction 8-Byte Pswrd 
Code 


Again, the device gives no indication that you have 
entered the correct password, however you now have 
full Read/Write capabilities. 


3. WMPR—Write Memory Pointer Register 


The Write Memory Pointer Register instruction allows 
you to modify the contents of the memory pointer regis- 
ter. The value of the register determines what portion of 
the memory array is protected from byte-writes during 
unprotected operation and what portion you are allowed 
to read during protected operation. 


For example, if there is no password protection and the 
memory pointer is set to OOAA, then no byte-writes from 
address 0000 to address OOAA are allowed (unless the 
OVMPR instruction has been entered previously). Inthe 
protected mode, with the memory pointer set to the 
same value (OOAA), a Read Sequential (RSEQ) instruc- 
tion from address 0000 will not allow the user to read any 
of the array. The RSEQ instruction must begin at OOAA 
and will then allow read access from OOAA to the end of 
the array. Note: The memory pointer contents will not 
block Erase All or Write All operations. 


_ To change the contents of the register, send the 


following: 


[A15—A8] [A7—A0] x8 


[A7—-A0] x16 


This instruction is operational only after an ENAC in- 
struction (if a password has been set) and an EWEN 
(see EWEN section) instruction have been sent to the 
device. Once this is done, you can modify the register 
contents to the desired value. For example, to change 
the contents from 0000 to 0123, send the following: 


0100 0123 


Instruction New Memory 
Code Pointer Value 
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The memory pointer register now has a value of 0123 
(x8). 


4. RMPR—Read Memory Pointer Register 


The Write Memory Pointer Register instruction allows 
you to read the location in memory where the memory 
pointer resides. This tells you which portions of the 
memory are divided between read only and full read/ 
write access. To read the value of the register, send the 
following: 


1100 


Instruction 
Code 


The device will then return the hex value of the memory 
pointer location. 


5. OVMPR—Override Memory Pointer Register 


This instruction allows the user to write data to a pro- 
tected area of memory on a one time basis, without 
having to uncover that area with the memory pointer. For 
example, to write data to an area protected by the 
memory pointer the OVMPR instruction would be is- 
sued, followed immediately by a write instruction. After 


the write has been completed, the area of memory is 


again protected. 


1000 | 0011 


Instruction 
Code 


READ/WRITE/ERASE INSTRUCTIONS 
1. READ—Read Memory 


This instruction outputs the data from memory at the 
specified location. 


1100 | 0101] [A15—A8] [A7-A0] x8 
— [A7-AQ] x16 


Instruction Address 


Code 


For example, to Read the contents of address 1 AH, send 
the following: 


1100 


The device then outputs data located at this address on 
the DO pin. 


2. WRITE—Write Memory 


00011010 


The Write instruction writes an 8 or 16 bit data word into 
a specified address of memory. Once the instruction, 


address, and data have been entered, the self-timed 
program/erase cycle will start. The addressed memory 
location is erased before data is written. For example, to 


write the data SA2D Hex to address C8, send the following: 
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~0101101000101101 © 


1100 | 0001 11001000 
Instruction Address (x16) Data (x16) 
Code | 


After the specified Program/Erase pulse width, the data 
5A2D is written to address C8 Hex. 


3. ERASE—Clear Memory 


The Erase instruction clears the specified memory loca- 
tion by setting all cells to a logic “1”. Once the instruction 
and address have been entered, the self-timed erase 
cycle will start. For example, to erase the data located at . 
address 1234 Hex, send the following: 


1100} 0000; 0001001000110100 
Instruction Address (x8) 
Code 


After the specified Erase pulse width, the contents of 
address 1234 Hex will be FF Hex. 


4. ERAL—Erase All 


The Erase All instruction clears the data from all locations 
in the memory. To erase the entire device, send the 


following: 

1000} 1001 1000} 1001 

Instruction — Instruction 
Code Code 


The code is required to be sent twice (to protect against 
inadvertent chip clear) and, once sent, clears all loca- 
tions to the FF Hex state. 


5. WRAL—Write All 


The Write All instruction is used to write the same data 
byte to alllocations in the memory. For example, to write 
the data AA Hex to all locations, send the following: 


1 1000{ 1001} | 1100]0011| 10101010 


Instruction Instruction Data (x8) 
Code Code . 


After the specified Program/Erase pulse width, all loca- 
tions in the device will now have AA Hex written to them. 


6. RSEQ—Read Sequential 


The Read Sequential instruction allows the user to 
sequentially clock out data starting at a specified ad- 
dress continuing until the end of memory or Chip Select 
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is brought low. For example, to read memory starting at 
address 4D Hex continuing to the end of the array, send 
the following: 


1100 | 1011 01001101 
Instruction Address (x16) 
Code 


The device will now clock out (SK pin must be clocked by 
user) the contents of memory sin at address 4D ane 
continuing to the end of memory. 


STATUS AND CONTROL INSTRUCTIONS 
1. EWEN—Erase/Write Enable 


This instruction is required to be entered before any 
program/erase instruction will be carried out. Once it is 
entered, it remains valid until a power down or a EWDS 
instruction is sent. To enable the device for writing/ 
erasing, send the following: 


Instruction 
Code 


The device is now ready to be erased or written to. 
2. EWDS—Erase/Write Disable 


This instruction disables all writing or erasing of the 
device. Once sent, the device must be sent an EWEN 
instruction before any erase/write instruction will be 
performed. To disable erase/write instructions, send the 
following: 


1000 | 0010 


Instruction 
Code — 


The device is now protected from any erase or write 
instructions. 


3. ORG—Select Memory Organization 


This instruction allows the user to select a x16 or x8 
memory organization. For example, to configure the 
device with a word length of 8 bits, send the following: 


Instruction 
Code 


To configure the device with a word length of 16 bits, 
send the following: 
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Instruction 
Code 


4. RSR—Read Status Register 


The Read Status Register instruction allows the user to 
determine the state of the device. To determine if the 
device is in an error condition, send the following: 


Instruction 
Code 


The device then responds with an 8 bit status word that 
gives the following information: 


10100000 - the device is operating normally 
10110000 - the device has a parity error 

10101000 - the device has an instruction error 
10100100 - the device is in the program/erase cycle 


5. DISBSY—Disable Busy 


The Disable Busy instruction disables the RDY/BUSY 
status on the DO (data out) pin. To disable the RDY/ 
BUSY function, send the following: 


Instruction 
Code 





The RDY/BUSY status is now no longer available on the 
DO pin. 


6. ENBSY—Enable Busy 


The Enable Busy instruction enables the RDY/BUSY | 
status on the DO pin. To enable this status, send the 
following: 


Instruction 
Code 


The RDY/BUSY status is now enabled on the DO pin. 
This allows the user to tell if the device is in the program/ 
erase cycle (DO low) or has completed it (DO high). 


7. NOP—No Operation 


The NOP instruction leaves the device in an idle mode; 
no operation is executed. 
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I|CATALYST 


SEMICONODUCTAR 


Catalyst Parallel E2PROMs Feature 


Software Data Protection 


Applications Staff 


A common concern among E2PROM users is data 
integrity during power on/off transitions and system 
glitches that may cause inadvertent writes to the memory 
array. Hardware data protection schemes have been 
around for some time to reduce this problem. They 
include: 


1. Vcc lockout voltage below which writes are inhibited. 


2. Power on delay mechanism where writing is inhibited 
a fixed time after Vcc is stable. 


3. Write inhibits by holding CE, OE or WE high. 


Figure 1. CAT28C64B/65B and CAT28LV64/65 
Write Sequence for Activating Software Data 
Protection 


WRITE DATA: AA 
ADDRESS: 1555 


WRITE DATA: 55 
ADDRESS: OAAA 


WRITE DATA: AO 
ADDRESS: 1555 





_ SOFTWARE DATA | 
PROTECTION ACTIVATED 





WRITE DATA: XX 
TO ANY ADDRESS 


WRITE LAST BYTE 


TO 
LASTADDRESS 
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4. Noise pulses of less than 20 ns on the WE or CE 
inputs are ignored. 


Despite these hardware protection features, additional 
protection is being required by industry users. Catalyst 
has added Software Data Protection (SDP) to its 64K-bit 
and 256K-bit E7PROMs. The CAT28C64B/65B/256 
and CAT28LV64/65/256 parallel E7P ROMs feature soft- 
ware controlled data protection that once enabled, re- 
quires a set write sequence to be sent to the device prior 
to any writes being performed. Figures 1 and 2 provide 
the software sequence required to activate Software 
Data Protection for both devices: 


Figure 2. CAT28C256 and CAT28LV256 Write 
Sequence for Activating Software Data Protection 


WRITE DATA: AA 
ADDRESS: 5555 


WRITE DATA: 55 
ADDRESS: 2AAA 


WRITE DATA: AO 
ADDRESS: 5555 





SOFTWARE DATA 
PROTECTION ACTIVATED 





WRITE DATA: XX 
TO ANY ADDRESS 





WRITE LAST BYTE 


TO 
LAST ADDRESS 
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Catalyst Parallel E7PROMs Feature Software Data Protection 


Once Software Data Protection has been activated, it 
remains activated through any power on/off transitions 
and, prior to any writing, the user must send the device 
this same algorithm. The addresses used are located on 
different page boundaries so that the data bytes used in 
the SDP algorithm are not actually written to the device. 


Figure 3. CAT28C64B/65B and CAT28LV64/65 
Write Sequence for Deactivating Software Data 
Protection 


WRITE DATA: AA 
ADDRESS: 1555 


WRITE DATA: 55 
ADDRESS: OAAA 


WRITE DATA: 80 
ADDRESS: 1555 


WRITE DATA: AA 
ADDRESS:. 1555 


WRITE DATA: 55 
ADDRESS: OAAA 


WRITE DATA: 20 
ADDRESS: 1555 


SOFTWARE DATA 
PROTECTION DEACTIVATED 
5198 FHD FO1 


In the event the user wishes to deactivate the SDP 
feature a six step algorithm is provided. Figures 3 and 
4 provide this algorithm for both devices. | 


Once issued the device returns to a normal operating 
condition and data already written to the device remains 
unchanged. 


Figure 4. CAT28C256 and CAT28LV256 Write 
Sequence for Deactivating Software Data Protec- 
tion | 


WRITE DATA: AA 
ADDRESS: 5555 


WRITE DATA: 55 | 
‘ADDRESS: 2AAA 


WRITE DATA: 80 
ADDRESS: 5555 


| WRITE DATA: AA 
ADDRESS: 5555 


WRITE DATA: 55 
ADDRESS: 2AAA 


WRITE DATA: 20 
ADDRESS: 5555 


SOFTWARE DATA 
PROTECTION DEACTIVATED 
5198 FHD F02 
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Programmer Vendors 


Application Staff 


Below is a list of programmers that support Catalyst’s products. Please contact the programmer manufacturers 
for additional information. 


Ascend Link Instruments 
1328 Concannon Boulevard 369 Passaic Ave., 
Livermore CA 94550-6004 Suite 100, 
Ph (510) 606-2000 Fairfield, NJ 07004 
Fax (510)606-2006 Ph (201) 808-8990 
; Fax (201) 808-8786 
Advin 
1050-L East Duane Avenue, Logical Devices Inc(Stag) 
Sunnyvale, CA 94086 130 Capital Drive 
Ph (408)243-7000 Golden, CO 80401 
Fax (408)736-2503 Ph (303) 279-6868 


; Fax (303)279-6869 
BP Microsystems 





100 North Post Oak Road Needham’s Electronics Inc 
Houston, Texas 77055-7237 4630 Beloit Dr., . 
Ph (713)688-4600 Suite 20, 
Fax (713)688-0920 Sacramento, CA 95838 
Ph (916)924-8037 
Data I/O Corp Fax (916)924-8065 
10525 Willows Road N.E. 
P.O.Box 97046 Sunrise Electronics Inc. 
Redmond, Washington 98073-9746 675 Brea Canyon Road, 
Ph (206)881-6444 Unit 6 
Fax(206)882-1043 Walnut, CA 91789 
; Ph (909)595-7774 
Hi-Lo Systems Research Co., Ltd | Fax (909)594-7009 
4F, No.2, Sec 5 
Ming-Shen E. Rd. System General Corp. 
Taipe, Taiwan, ROC 1603A South Main St., 
Ph (886) 2 764 0215 Milpitas, CA 95035 
Fax (886) 2 756 6403 Ph (800)967-4776 
| Fax (408)262-9220 
ICE Technology Ltd. 
Unit 4, Penistone Court Tribal Microsystems Inc. 
Stations Buildings 44388 S. Grimmer Blvd., 
Penistone Fremont CA 94538 
S.Yorks. S30 6HG. UK Ph (510)623-8859 
Ph (44) 1226 767404 — Fax (510)623-9925 
Fax (44) 1226 370434 : 
Xeltek 
International Microsystems Inc 3563 Ryder St. 
521 Valley Way | | Santa Clara, CA 95051 
Milpitas CA 95035 Ph (408)524-1929 
Ph (408)942-1001 Fax (408)245-7084 


Fax (408) 942-1051 
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Catalyst Quality and Reliability 


The Catalyst Quality and Reliability Policy Manual (avail- 
able on request) contains the methods and philosophies 
to implement the corporate mission. Catalyst is utilizing 
a quality system in accordance with the requirements of 
ISO-9001 “Quality Systems — Model for Quality Assur- 
ance in Design/Development, Production, Installation, 
and Servicing” and the criteria of MIL-M-38510, appen- 
dix A “Product Assurance Program”. 


MANUFACTURING TECHNOLOGY 


Catalyst fabricates all memory devices using a CMOS 
process. The fundamental storage element in all Cata- 
lyst reprogrammable nonvolatile memories is a floating 
gate memory transistor. Details of various memory cells 
operation are included in the Catalyst Quality and Reli- 
ability Application Notes in this section. 


All wafer fabrication and package assembly processes 
have flow charts and baselines as controlled docu- 
ments. Basic descriptions of all Catalyst device con- 


struction are available on request. Detailed descriptions 


are proprietary; however, a nondisclosure agreement 
may be used, if required. 


QUALIFICATION METHODOLOGIES 


Catalyst qualifies reprogrammable nonvolatile memo- 
ries in accordance with the guidelines of the IEEE 
Standard Definitions and Characterization of Floating 
Gate Semiconductor Arrays (IEEE Std 1005-1991, avail- 
able from IEEE), MIL-STD-883, and JEDEC Standard 
22 (JESD-22). 


Devices are qualified by either a specific product and 
package or by generic Design/Process and Package 
families. Generic qualifications reduce time and overall 
cost of qualification, while providing assurance that each 
combination of design, process, and package meets 
minimum reliability requirements. Worst case combina- 
tions would be used. 


A Design/Process family consists of those devices using 
similar logic, layout, and design rules using the same 
wafer fabrication process and location. 


A Package family consists of those devices using the 
same assembly package configuration, materials, and 
location. | 


11-1 


Once a representative device is qualified, other mem- 
bers of the Design/Process families are qualified in that 
package family. Thus, each possible combination of 
design, process, and package does not require stress- 
ing, in order to have each combination fully qualified or 
requalified after changes. Reference Catalyst specifica- 
tions (available on request) for Qualification Require- 
ments and Critical Process Change Notification. 


For example: If a serial E7PROM, built on a 1.5 
process is qualified ina SOIC package; then, other serial 
E2PROMs (using the similar logic, layout, and design 
rules) built on the same 1.5 process, are also qualified 
in the same SOIC package. 


f 
Catalyst provides Reliability Summaries (upon request) 
for all devices. Reliability Summaries contain three 
sections: Design/Process Family, Package Family, and 
Device Specific. 


The Design/Process Family data summary includes the 
following sections: Reliability Stress, Stress Conditions, 
Device Hours, # Failures, Failure Rate at 60% C.I. (i.e., 
at the stress temperature in %/1000 hours) and a Cause 
category for any failures. The Summary includes: the 
Device Hours (at the deaccelerated temperature of 
55°C), the Apparent Activation Energy and the failure 
rate at 60% C.I. in FITs (or FICs for endurance). The 
“Endurance Cycles to Time Conversion Nomograph’” is 
included for the demonstrated endurance failure rate. 
This format is used for reporting Life Test, Data Reten- 
tion and Endurance. 


The Package Family data summary includes the follow- 
ing sections: Reliability Stress, Stress Conditions, 
# Lots, Failures/Timepoint. This format is used for re- 
porting: Solder Heat Resistance, including subsequent 
Life Test and Data Retention, HAST, Pressure Pot, 
Biased 85/85, Temperature Cycles, Thermal Shock, 
Marking Permanency, Lead Fatigue and Physical Di- 
mensions. 


The Device Specific data summary includes the follow- 
ing sections: Reliability Stress, Stress Conditions, 


_# Lots, Failures/Timepoint. The data reported includes: 


Machine Model and Human Body Model ESD results 
and latch-up data. 
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ENDURANCE AND DATA RETENTION 


GUARANTEE 
Endurance 


Endurance is the measure of the ability of a 
reprogrammable nonvolatile memory device to meet its 
data sheet specifications as a function of accumulated 
program/erase cycles. A device program/erase cycle is 
the act of changing data from original (e.g., erased) to 
opposite (e.g., programmed) back to original for all bits 
of the memory array. 


Catalyst provides an endurance lot acceptance guaran- 
tee of a 1% AOQL (LTPD 5/1) forthe number of program/ 


' erase cycles per byte as specified by the applicable data 


sheet. The endurance is independent of the program or 
erase method, e.g., byte, page, sector, block, chip. 
Endurance is verified by the customer with the Endur- 
ance, Data Retention and Steady State Life Test Meth- 
odology. 


Data Retention 


Data Retention is the measure of the integrity of the 
stored data as a function of time. Data retention is the 
time from data storage to the time at which a repeatable 
data error is detected. 


Catalyst provides a data retention lot acceptance guar- 
antee of a 1% AOQL (LTPD 5/1) for the number of years 
per device as specified by the applicable data sheet. 
This applies across the operating temperature range 
and after the specified minimum number of endurance 
cycles. Data retention is verified by the customer with the 
Endurance, Data Retention and Steady State Life Test 
Methodology. 


ENDURANCE, DATA RETENTION, AND STEADY 
STATE LIFE TEST METHODOLOGY 


An endurance test, reference Method 1033 of MIL-STD- 
883, shall be added before performing the steady state 
life test and extended data retention test. Cycling may be 
chip, sector, block, byte or page on finished devices. The 
following conditions shall be met: 


(1) All bytes shall be cycled for a minimum of the 
specified number of cycles at equipment room ambient. 
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(2) Perform parametric, functional and timing tests at 
room temperature, after cycling. Devices having bits not 
inthe proper state after functional testing shall constitute 
a device failure. Separate the devices into two groups for 
extended data retention and steady state life test, then 
write applicable data patterns. 


(3) Perform the extended data retention, consisting of a 
high temperature unbiased storage for 1000 hours mini- 
mum at 150°C minimum. The storage time may be 
accelerated by using a higher temperature according to 
the Arrhenius relationship and an apparent activation 
energy of .6eV. The maximum storage temperature in 
an Nitrogen environment shall not exceed 175°C for 
hermetic or 160°C for plastic devices. All devices shall 
be programmed with a charge on all memory cells in 
each device, such that a loss of charge can nee detected 
(e.g., worst case pattern). | 


(4) Read the data retention saiienh and perform para- 
metric and functional tests at room temperature, after 
cycling and bake. Devices having bits not in the proper 
state after functional testing shall constitute a device 
failure. 


(5) Perform steady state life, reference method 1005 
condition D of MIL-STD-883, for 1000 hours at 125°C in 
an Nitrogen environment. The steady state life time may 
be accelerated by using an Arrhenius relationship and 
apparent activation energy of .4 eV. The maximum 
operating junction temperature shall not exceed 175°C. 
All devices shall be written with a checkerboard or 
equivalent topological alternating bit pattern. 


(6) Read the steady state life pattern and perform para- 
metric and functional tests at room temperature, after 
cycling and steady state life. Devices having bits not in 
the proper state after functional testing shallconstitutea 
device failure. 


(7) The endurance, data retention, and steady state life 
tests shall individually pass a sample plan to an LTPD of 
5/1 (sample size = 77, accept = 1), equivalent to an 
AOQL = 1%. 


Catalyst Quality and Reliability 





Figure 1. Qualification Requirements (Commercial Plastic Package) 


DEVICE TESTS PACKAGE TESTS DIE TESTS 


ELECTRICAL TESTS 
MIN & MAX 
RATED TEMPS 


PHYSICAL LATCH-UP 
DIMENSIONS JESD-17 (200 mA) 
REF TM2016 LTFR = 50 

LTFR = 15 


SOLDER HEAT 
PRECONDITIONING 
(AS APPLICABLE) 
REF JESD22-A112 


ESD 
SOLDERABILITY HBM: 100 pF, 1.5 kQ 
REF TM2003 REF TM3015 


LTFR = 15 LTFR = 50 





MARKING ESD 
PERMANENCY MM: 200 pF, 0 2 
REF TM2015 LTFR = 50 







ENDURANCE 












PRECONDITIONING BIASED 85/85 LTFR = 15 
DATA SHEET LIMIT 1000 HRS 
REF TM1033 REF JESD22-A101 









LTFR=5 LTFR =5 
LEAD INTEGRITY 
REF TM2004 


LTFR = 15 





DHTL: 2000 HRS, 
150°C, 6 VOLTS 
REF TM1005 
LTFR =5 


PRESSURE POT 
96 HRS 
REF JESD22-A102 
LTFR=7 














SOLDER HEAT 
RESISTANCE 
REF JESD22-A112 
LTFR = 10 





















DATA RETENTION: 
2000 HRS, 150°C 
REF TM1008 
LTFR=5 


HAST 
UP TO 96 HRS 
REF JESD22-A110 
LTFR =7 


















EXTENDED TEMP CYCLE 


ENDURANCE —65 TO +150°C 
UP TO 10X SPEC 1000 CYCLES 
REF TM1033 REF TM1010 





LTFR =7 








THERMAL SHOCK 
—55 TO +125°C 
100 CYCLES 
REF TM1011 
LTFR = 7 








ELECTRICAL TESTS 


MIN & MAX 
RATED TEMPS 
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Note: 

(1) LTFR = Lot Tolerant Failure Rate or LTPD, sample sizes per MIL-M-38510, appendix B. 
(2) TMxxxx refers to Test Methods per MIL-STD-883. 

(3) JESD22 refers to the test methods per JEDEC Standard 22. 
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Table 1. General Requirements . : 


Stress Codes Names of Stress Methods Standard Conditions 
DHTL Dynamic High Temperature Operating Life | 1000 hours @ 150°C 









stress Codes 


RELIABILITY STRESS METHODS : ENDR—Endurance 
DHTL—Dynamic High Temperature Operating Life Description: This stress replicates the user’s writing 


Description: This stress accurately replicates the users conditions for the device. All bits are erased and pro- 
operating conditions for a device. All inputs are toggled grammed. The stress detects failures due to oxide 
in the read mode and outputs are loaded with anappro- _—*‘“upture or charge trapping of the tunnel dielectric or 
priate worst case load. This stress maximizes the num- _‘fallures in peripheral oxides. 

ber of nodes subjected to changing electric fields in 
order to optimize detection of latent failures caused by 
such problems as oxide faults, pinholes, or leaky junc- 
tions. | | 





Minimum Duration: The data sheet specified number of 
cycles must be performed before DHTL or DRSL. Ex- 
tended endurance will be to at least 10 times the speci- 
fied number of cycles. 


Minimum Duration: 1000 hours at an ambient tempera- 


eee THBS—Temperature Humidity Bias Stressing 
ture of 150°C. Catalyst CMOS devices have a small 


junction temperature rise in this stress, thus there is no Description: This accelerated temperature and humidity 
concern for elevated temperatures creating packaging bias stress is performed at 85°C and 85% Relative 
or silicon problems. Humidity, reference JESD-22, Test Method A102. In 

general, the worst-case bias condition is the one that 
DRSL—Data Retention Storage Life minimizes the device power dissipation and maximizes 
Description: This stress exposes the parts to unbiased the applied voltage. Higher power dissipations tend to 
storage at an elevated temperature, normally 150°C for lower the humidity level at the chip surface and lessen 
plastic packages and 250°C for hermetic packages. the corrosion susceptibility. 


These are the highest practical temperatures the appli- Minimum Duration: 1000 hours. As HAST becomes 
cable package can sustain to accelerate the loss of — pore widely accepted, it may supplement or replace 
charge off the floating gate. THBS stressing. 


Temperature: For plastic packages, 165°C is at the PPOT—Pressure Pot 
maximum safe storage temperature, because the glass 


transition temperature of most epoxies is below 165°C. Description: This stress exposes the devices to satu- 
Above 165°C, the mechanical and chemical stability of "ated steam at an elevated temperature and pressure. 
the plastic is uncertain, thus prolonged exposure can The standard condition is 15 PSIG, at a temperature of 


create failure mechanisms that would otherwise not be 121°C, reference JESD-22, Test Method A102. The 


observed. For solder seal hermetic packages, 260°C is plastic encapsulant is not a permanent moisture barrier 
the maximum temperature before damaging the solder and will eventually saturate with moisture. Since the chip 
seal. For glass frit seal hermetic packages, 300°C is the is not biased, the chip temperature and relative humidity 


maximum prolonged storage temperature before intro- will be the same as the autoclave once equilibrium is 
ducing unpredictable effects in the silicon. reached. | 


Minimum duration: 1000 hours at 150°C. 
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Effectivity: The steam environment has an unlimited 
supply of moisture and ample temperature to catalyze 
thermally activated events, thus is effective at detecting 
corrosion problems, contamination-induced leakage 
problems, general glassivation stability and integrity, 
package integrity (cracks in the package), and for die 
cracks (the moisture swells the plastic enough to stress 
the die; also, the moisture causes leakage paths in the 
crack itself.) 


Minimum Duration: 96 hours for surface mount pack- 
ages and 168 hours for DIL packages. 


HAST—Highiy Accelerated Stress Test 


Description: This highly accelerated biased humidity 
temperature test combines the worst-case characteris- 
tics of 85/85 stressing and the high temperature, high 
pressure characteristics of PPOT testing. The ambient 
is saturated steam. The stress condition is 130°C and 
85% RH, reference JESD-22, Test Method A110. HAST 
is often used in process control as a rapid test for 
moisture reliability assessment. Optimum bias condi- 
tions are the same as used for 85/85. 


Temperature: Bond integrity may be compromised for 
extended HAST stressing at junction temperatures in 
excess of 150°C. 


Minimum Duration: 96 hours for surface mount pack- 
ages and 168 hours for DIL packages. 


TMCL-Temperature Cycling, Air-to-air 


Description: The device is cycled between the specified 
upper and lower temperature without power in an air or 
nitrogen environment. Normal temperature extremes 
are —65°C and +150°C with a minimum 10 minute dwell 
and 5 minute transition, per MIL-STD-883, Method 1010, 
Condition C. This is a good test to measure the overall 
package to die mechanical compatibility. 


Minimum Duration: 1000 cycles. 


TMSK-Thermal Shock, Liquid-to-liquid 


Description: Heating and cooling are done by immersing 
the units in a hot and cold inert liquid. Normal tempera- 
ture extremes are —55°C to +125 with a minimum 5 
minute dwell and less than a 10 second transition per 
MIL-STD-883, Method 1011, Condition C. 


Temperature: Heat transfer by conduction is much faster 
than by convection, thus causing rapid temperature 
changes in the part. This rapid changing in temperature 
creates temperature gradients across the part, which 
will produce additional mechanical stress compared 
with temperature cycling. This additional stress will 
accelerate mechanisms such as bond cratering and wire 
creep. | 
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Minimum Stress Duration: 100 cycles. 


Solderability Testing 


Description: This method, per MIL-STD-883, Method 
2003, is designed to determine the solderability of the 
device leads using a standardized soldering procedure 
after a specified pre-conditioning (steam aging). Rejec- 
tion criteria are based on physical appearance of the 
finished leads (porosity, pinholes, non-wetting, dewetting, 
foreign material, etc.) 


Lead Integrity 


Description: This method tests the leads of a device by 
bending them in a prescribed manner and rejecting the 
device if the specified stress results in a broken or 
loosened lead, or damage to the device hermeticity, per 
MIL-STD-883, Method 2004. 


Latch-up 


Description: CMOS devices contain parasitic PNPN 
structures which may act as SCR’s, given the appropri- 
ate triggering event. The triggering event may be Gamma 
radiation or a voltage spike on the power bus or an input 
pin. Under normal operating conditions, these PNPN 
structures are reverse biased and quiescent. The latch- 
up may result in a temporary malfunction or permanent 
damage. Reference JESD-17 Latch-up in CMOS Inte- 
grated Circuits and Catalyst Specification #22009. 


ESD Testing 


ESD Specs: Catalyst ESD test standards are presented 
in Specification #22010. This specification includes the 
human body model based on MIL-STD-883, Method 
3015, Electrostatic Discharge Sensitivity Classification; 
and the machine model. 


The human body model uses a 100 pf capacitor with a 
1.5 KQ series resistor. The machine model uses a 200 
pf capacitor with no resistor. 


Surface Mount Package Solder Heat 
Preconditioning 


Industry Standards: Reference JESD-22, Test Method 
A112 proposal. | 


The samples from each pin count of each applicable 
package family shall be subjected to the following 
stressing sequences: 


Note: Packages containing larger die-attach pads are 
expected to exhibit less durability when subjected to 
these same sequences of environmental exposures. 
Therefore, within a package/pin-count family, only the 
largest die-pad dimensions need be tested to establish 
the durability of that package family. 
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| Example: 28 pin SOIC having three different die-attach 
. pad dimensions. Only the largest die size need to be 


tested to ensure the integrity of the 28 pin SOIC family. 


Saturated samples: Samples which have been satu- 


rated to a given level of humidity shall be subjected to the 
sequence listed below. Successful completion of these 
sequences represents the minimum durability require- 
ment for packages, which can be shipped without spe- 
cial dry-packing precautions. 


Sample 1 


125°C bake for 24 hours to dry the package 

168 hour 85/85 no bias to saturate the package 

2 60 second passes through vapor phase furnace at 
217°C | 

Samples to DHTL, DRSL, and 85/85 


Sample 2 


125°C bake for 24 hours to dry the package 

168 hour 85/85 no bias to saturate the package 

2 60 second passes through infrared furnace at 
240°C 

Samples to DHTL, DRSL, and 85/85 — 

Electrical test | 


Acceptable Performance: There should be NO failures 
from package degradation, cracks or internal corrosion. 


RELIABILITY STRESS RESULTS 


Available upon request. 
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Crack and Damage Inspection: Acoustical microscopy 
and cross sections may be used to anaes samples for 
evidence of damage. . 


After electrical test and visual inspection, the samples 
shall be exposed to DHTL, DRSL, and THBS for a 
minimum of 1000 hours. 


Acceptable performance: Devices in each stress shall 
meet the applicable sample plan. 


HUMIDITY-PRECONDITIONED 
0.4% to 0.6%) 


Sequence for 
SAMPLES (moisture content = 


50 samples 

Precondition this sample as follows: 

Weigh a sample of 10 devices (record weight) 
Bake in dry storage @ 150°C for 48 hours 

Weigh the sample of 10 devices again (record weight) 
Subject the sample to 85/85 (no bias) for 168 hours 
Weigh a sample of 10 devices (record weight) 


Acceptable Performance: There should be NO failures 
from package degradation, cracks or internal corrosion. 


Crack and Damage Inspection: Additional sequences 
and inspection techniques: Multiple exposures to vapor 
phase and infrared reflow profiles may be conducted. 
Acoustical microscopy and cross sections may be used 
to analyze samples for evidence of damage. 


Warranty Procedure 


PURPOSE 


To define procedures to implement Catalyst lot accep- 
tance guarantee criteria (applicable at customer’s in- 
coming inspection) and product warranty. To define the 
product warranties, lot acceptance guarantees, war- 
ranty periods and Catalyst’s limitation of obligation un- 
der those guarantees and warranties for all Catalyst 
integrated circuits and die. 


SCOPE 

This procedure applies to all Catalyst manufactured 
devices and die. 

REFERENCE DOCUMENTS AND STANDARDS 
Catalyst Standard Terms & Conditions of Sale. 


Catalyst Returned Material Authorization Procedure. 
Applicable Catalyst Data Sheets. 


Applicable Customer Specifications, Contracts or Pur- 
chase Orders as accepted by a duly authorized Catalyst 
representative. 


DEFINITIONS AND TERMS 


AOQQ (Average Outgoing Quality)—The mean propor- 
tion non-conforming, often expressed in PPM, shipped 
by the manufacturer. JEDEC Standard No. 16 describes 
how to assess AOQ in PPM for microcircuits. 


AOQL (Average Outgoing Quality Limit)—The maxi- 
mum average proportion non-conforming shipped using 
a given sampling system. 


LTPD (Lot Tolerant Percent Defective)—Where the | 


consumer's risk, i.e., probability of having a bad lot 
accepted equals 10%. Often used as a single sampling 
procedure for isolated lots or reliability stress evaluation. 


EQUIPMENT AND MATERIALS 
Not applicable. 


CALIBRATION 
Not applicable. 


Note: 
(1) This Warranty Procedure is Catalyst Specification #31000. 
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RECORDS AND FORMS 


Catalyst Return Material Authorization (RMA) Form. 
Catalyst Customer Failure Analysis Request (CFAR) 
Form. 


WARRANTY PROVISIONS/SEMICONDUCTOR 
DEVICES 


Warranty 


Catalyst warrants that standard integrated circuits deliv- 
ered pursuant to this procedure shall, at the time of 
shipment, and for a period of one year thereafter, be free 
from defects in material(s) and shall conform to Catalyst 
specifications or such specifications agreed upon by 


Catalyst in writing. Under this warranty, Catalyst obliga- 


tions, with respect to losses, and at Catalyst’s option, 
shall be limited to; either replacement (by delivery F.O.B., 
Santa Clara, CA.) or refund of the purchase price of the 
non-conforming product. This warranty is subject to the 
following conditions and procedures: 


Customer Complaint. In the event a customer believes 
that product purchased from Catalyst is not in conform- 
ance with the Catalyst warranty for that product, the 
customer should notify Catalyst and, upon request from 
Catalyst, return a sample of the allegedly non-conform- 
ing devices. Following receipt of the sample of allegedly 
non-conforming devices, Catalyst will issue a CFAR 
number. Thereafter, failure analysis will be performed to 
determine whether the device is nonconforming to the 
applicable Catalyst specification and, if so, whether the 
non-conformance is covered by Catalyst warranty or 
whether the warranty is not applicable for some reason 
(e.g., the non-conformance resulted from misuse, ne- 
glect, improper installation, repair, alteration, accident 
or improper product handling, the warranty period has 
expired, the product was not purchased from 
Catalyst, etc.). 


Warranty Determination. Final determination of war- 
ranty coverage of all returns shall be by Catalyst Semi- 
conductor, Santa Clara, CA. Issuance of a CFAR num- 
ber does not imply acceptance of any warranty obliga- 
tion with respect to the returned material by Catalyst. An 
RMA number will be issued when Catalyst agrees that 
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Warranty Procedure 


material, other than the CFAR sample, should be re- 
turned. Issuance of an RMA number also does not imply 
acceptance of any warranty obligation, but an RMA 
number may be issued by Catalyst for any reason 
deemed by Catalyst to be appropriate. 


Responsibility. Catalyst’s Sales/Marketing department 
shall notify the customer if a warranty claim is not 
accepted. Should the customer return product without 
an authorized RMA number, the product will be returned 
to the customer, freight collect, or if such request is not 
forthcoming when requested by Catalyst, then Catalyst 
shall be entitled to scrap the product at Catalyst without 
liability to the customer. 


The customer will be responsible for payment of product 
purchase price, and returned freight and handling costs. 


If the warranty claim is accepted, after verifying non- 
conformance, Catalyst will replace product or refund 
cost, within 90 days. Warranty replacement or refund will 
be based on final product count at Catalyst. 


Disclaimer 


This express warranty shall extend only to the customer | 


and not the customer’s end user; and is in lieu of all other 
warranties, express or implied, including the implied 
warranties being specifically disclaimed by Catalyst. In 
no event shall Catalyst’s liability for any breach or 
alleged breach of an order by either party exceed the 
total extended price or prices shown on the goods in 
question; Catalyst shall not be liable for any special, 
incidental or consequential damages resulting from such 


breach or alleged breach. Furthermore, Catalyst shall, in | 


no event, be obligated for any cost incidental to the 
replacement of non-conforming products. 


Commercial Incoming Inspection 


Incoming inspection, if any, must be completed by the 
customer within the warranty period. Product not re- 
jected as a result of incoming inspection and notice 
thereof given to Catalyst on or before the expiration of 
the warranty period shall be conclusively deemed ac- 
cepted. If the customers’s incoming inspection is based 
on lot acceptance sampling, then the following establish 
the agreed upon sample plan levels. Any lot failing to 
meet the sample plan is eligible for return to Catalyst, 
provided an RMA is obtained. 


Data Sheets/Control Specifications 


Catalyst data sheets are controlled specifications appli- 
cable to product at the time of shipment. Catalyst re- 
serves the right to revise published data sheets and/or 
make changes in the product. Catalyst assumes no 
responsibility for the use of any circuits described in 
published data sheets, and conveys no license under 
any patent. Applications for any integrated circuits con- 
tained in publications are for illustration purposes only, 
and Catalyst makes no representation or warranty that 
such applications will be suitable for the use specified. 


Third Party Warranty Restrictions 


Unless previously reviewed and accepted in writing bya 
duly authorized Catalyst representative, environmental 
screening or testing, or failure analysis of products by 
the customer or a third party laboratory voids the war- 
ranty of those devices. 


Unsalable or Untestable Product 


Returned product received in an unsalable or untestable 

condition, or such condition that verification of the re- 
ported discrepancy is impractical or impossible, voids 
the warranty. 


Table 1. Lot Acceptance Guarantee Criteria for Commercial Standard Integrated Circuits 







Timing, parametric and functional 
functional electrical, cumulative 
across temperature 











| Condition | Reference | Sample Plan 


— 


Mechanical/Visual | | 
Endurance/Data Retention Com! End/DR Spec 
One-time Programmability 


Ext. Vis. Spec 1% AOQL 


1% AOQL 






Critical Components/Life Support Systems 


Catalyst products are not authorized for use as critical 
components in Life Support Devices or Systems. If any 
such use is intended then provision must be made in a 
separate agreement, signed by the President and Vice 
President of Quality & Reliability of Catalyst, which will 
provide for special terms and provisions relating to 
testing required because of the nature of such use. 


Acritical componentis defined as any component whose 
failure to perform an intended function, could possibly 
lead to loss of life or bodily harm. 


Life Support Systems that may include critical compo- 
nents, are defined as, but not necessarily limited to: 


(1) Surgical implants in a human body, 
(2) Equipment used to sustain human life, or 


(3) Equipment used to monitor and/or measure 
human body conditions. 


Incoming Inspection 


Incoming inspection, if any, must be completed by the 
customer within the warranty period. Product not re- 
jected as a result of incoming inspection and notice 
thereof given to Catalyst on or before the expiration of 
the warranty period shall be conclusively deemed ac- 
cepted. If the customers’s incoming inspection is based 
on lot acceptance sampling, then the following establish 
the agreed upon sample plan levels. Any lot failing to 
meet the sample plan is eligible for return to Catalyst, 
provided an RMA is obtained. 


Manufactured Devices 


Military devices are manufactured in accordance with 
the applicable detail specification, (i.e., Catalyst compli- 
ant device specification for MIL-STD-883 compliant 
devices, or the Standardized Military Drawing) as ac- 
knowledged and accepted by Catalyst in the customer’s 
purchase order. 


Warranty Procedure 


DIE WARRANTY POLICY 
Warranty Limitations 


The warranty on die is limited to 90 days from the date 
of shipment. 


Die lots will, at incoming inspection, meet the visual 
requirements of Catalyst Second Optical Inspection 
Criteria of MIL-STD-883, Method 2010 Condition B, toa 
1% AOQL sample plan. 


Die lots not rejected as a result of incoming inspection 
and notice thereof given to Catalyst on or before the 
expiration of the warranty period shall be conclusively 
deemed accepted. Any lot failing to meet the sample 
plan is eligible for return to Catalyst, provided an RMA is 
obtained. 


The warranty on die is not applicable to die that receive 
any additional electrical, mechanical or environmental 
testing, processing or other handling by the customer or 
a third party. 


Catalyst does not grant reliability approval on die be- 
cause of additional assembly and test processing re- 
quired when die are integrated into the customer's 
product where testing and assembly is performed by, or 
contracted out by the customer, unless it is expressly 
defined in a customer specification, and accepted in 
writing by a duly authorized Catalyst representative. 


NON-STANDARD PRODUCT 
Development 


Any product designated for “developmental” or “experi- 
mental use” is sold “as is” with no warranty whatsoever 
except the warranty of title; the implied warranties of 
fitness for a particular purpose and merchantability are 
expressly disclaimed. The customer shall indemnify 
Catalyst from any claim that the product infringes upon 
in any United States patent, copyright or mask work 
right. 





Warranty Procedure 


Development product shall be marked with the standard 
Catalyst marking plus block letters ES instead of the 
date code. 


Pre-Production 


Pre-production product is lot guaranteed per paragraph 
Commercial Incoming Inspection to electrical param- 
eters of the preliminary data sheet or errata sheet 
specifications only. Reliability testing is in progress, but 
no reliability approvals are offered to the customer. 


Pre-production product shall be marked with the stan- 
dard Catalyst marking and an MS instead of the date 
code. 


Custom Products 


Custom products are manufactured to meet non-stan- 
dard requirements as specified in a customer’s 
specification,which is accepted in writing by Catalyst. 


Any lot failing the specified sample plan and/or failing a 
customer's screen to a specified test criteria, an agreed 
to in writing by a duly authorized Catalyst representative 
is eligible for return to Catalyst in accordance with return 
provisions. 


WARRANTY POLICY FOR DISTRIBUTORS 


Products shipped by distributors are subject to a one 
year warranty by Catalyst from the date of first shipment 
from the distributor. This warranty by Catalyst expires if 
the distributor does not ship product within two years 
from data of shipment from Catalyst. 


Distributor returns will be honored only if an RMA form 
or RMA number is issued by a duly authorized Catalyst 
representative within the applicable warranty period. 


Where distributors remark product, the Catalyst symbol 
and date code shall not be altered. A record of any 
remarking operation must accompany material returned 
to enable traceability to the original shipment. 


All distributor returns for stock rotation, obsolete product 
or other policy reasons must be received with an RMA 
form or RMA number issued by the responsible Catalyst 
sales representative. 


Distributors must return devices, in accordance with the 
Return Provisions within 30 days of the issuance of an 
RMA form or RMA number, otherwise returned devices 
will not be honored for credit or replacement. 


RETURN PROVISIONS 
Condition of Received Returned Materials 


Returned material must be packed in a manner to 
prevent damage to the device(s) (electrical or mechani- 
cal) under normal commercial carrier handling condi- 
tions. Products received in a damaged condition due to 
improper packing for shipment by the customer are the 
customer’s responsibility. 


All products, manufactured by Catalyst, must be re- 
turned in containers that prevent static damage. Failure 
to provide static handling protection, or material found 
damaged as the result of user negligence, are the 
responsibility of the customer. 


Rework Costs 


in the event the customer unilateraily elects to rework 
material which fails customer incoming inspection, the 
cost and liability of such rework shall be the sole respon- 
sibility of the customer. Rework of material by the 
customer shall nullify the Catalyst warranty. 


When a customer requests authorization and reim- 
bursement for rework costs, prior written approval shall 
be obtained from Catalyst Marketing and the Q & R Vice 
President before the customer rework commences. 


RETURNS METHODOLOGY: | 


Refer to Catalyst’s Returned Material Authorization 

_ (RMA) Procedure for instructions on completion of the 
Returned Material Authorization Form and instructions 
on material return. 


DISQUALIFICATION OF CATALYST PRODUCT 
BY PURCHASER 


In the event that the customer determines incoming 
Catalyst product to be unacceptable and establishes 
that the product is disqualified, the responsible salesper- 
son must communicate specifically if the return is for 
nonconformance to agreed specifications or being re- 
turned for other reasons. 


Other reasons for disqualification may include: 
(A) Unapproved vendor. 


(B) Disqualification for repeated delinquencies by 
Catalyst. 


(C) Non-performance in the customer’s system, 
although the product meets Catalyst’s electrical 
specifications. | 


If the customer purchases products for production prior 
to completion of his own qualification tests, such prod- 
ucts cannot be classified as “disqualified”. 
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Reliability Considerations for E7PROMs 


When acquiring a microcircuit, many considerations 
above and beyond the purchase price are important. 
Among these are quality, reliability, delivery, service 
and product assurance. The lowest cost of ownership for 
the user is a result of the proper balance and specifica- 
tion of the above considerations. E7PROMs contain 
reliability considerations that can significantly affect the 
cost of ownership if the E7PROM is incorrectly used in 
the application. 


For E°PROMs, whether serial, parallel, flash or other, 
reliability is the summation of the factors of operating life 
(read), data retention and endurance. 


E2PROM Device Failure Rate 


F.R.pevice =F.R.Reap + F.R.ENDURANCE + F.R.RETENTION 
F.R. = FAILURE RATE 


Read, Endurance. and Retention mechanisms are thermally 
accelerated; therefore, failure rates must be stated with tempera- 
ture, confidence interval, and apparent activation energy. 


Endurance is the most important because the endur- 
ance reliability is a direct function of the application, 
i.e., the number of times the device is rewritten during 
system operation. In other words, the total system life 
can be compromised by the endurance capability of the 
E°PROM. (Figure 1). For applications not requiring 
many rewrites or that must have byte clear, e.g., pro- 
gram storage, flash E-PROMs provide the best combi- 


nation of cost and reliability. For applications requiring 
many rewrites, e.g., data storage or configuration, par- 
allel E7PROMs provide the best combination. For appli- 
cations requiring direct access to the controller, e.g., 
traceability, and lowest cost per device, serialE7PROMs 
are appropriate. Quality, delivery, service and product 
assurance are identical for all Catalyst E7PROMs. 


Endurance is defined as: “The measure of the ability of 
a nonvolatile memory device to meet its data sheet 
specifications as a function of accumulated nonvolatile 
data changes,” per IEEE “Standard Definitions and 
Characterization of Floating Gate Semiconductor Ar- 
rays.” The data sheet specifications include write func- 
tionality, data retention and read access time. For a 
Catalyst E7PROM, a nonvolatile data change is the 
completion of a program/erase cycle for each byte, i.e., 
transferring charge to and from the floating gate in the 
memory storage transistor. 


Endurance has two primary failure mechanisms (Figure 
2), which can result in any of three failure modes, i.e., 
data retention degradation, access time degradation or 
loss of write functionality. The charge is transferred on 
and off the floating gate through an oxide, resulting in the 
failure mechanisms of oxide damage and charge trap- 
ping. These mechanisms are caused by the cumulative 
effects of passing a current through a nominal insulator 
and placing a high electric field across an oxide. Thicker 


Figure 1. Endurance Cycles to Time Conversion Nomograph 
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oxides have a greater likelihood of measurable charge 
trapping. Thinner oxides require greater care in process- 
ing to reduce initial oxide defects, which cause yield loss. 
Endurance cycling over the lifetime of the system will 
cause random oxide damage and charge trapping at 
some constant low level. Design and processing must 
be such to minimize initial defects and reduce generated 
defects to the lowest possible level. 


When a high number of endurance cycles before the 
onset of wearout is desired, error correction is suitable 
for oxide damage induced failures. Catalyst uses a byte 
error correction method to achieve extended endurance 
for high density parallel E7PROMs, e.g., the CAT28C256. 
Error correction is unnecessary for flash E*7PROMs, 
which have a lower total number of endurance cycles 
specification or serial E7PROMs of low density. Error 
correction is not practical for charge trapping induced 
failures. A low failure rate during the useful life region is 
achieved by proper design, processing, and screening. 


Endurance follows the “bathtub” curve, with a known 
infant mortality region, a useful life region, and a predict- 
able wearout region. Endurance cycling has historically 
been the preferred method for screening and for periodic 
qualification testing. Cycling can be performed in real 
time and is the actual operating mode of the device. 


Although intrinsic data retention is essentially infinity, 
the extrinsic data retention is a function of endurance. 
The endurance failure rate contains the extrinsic data 
_ retention failure rate induced by endurance. The intrinsic 
_ data retention failure fate is reported independent of 
endurance. 


Test Method 1033 of MIL-STD-883 (Figure 3) describes 
the procedures to be used when performing endurance 


Figure 2. Endurance Failure Definitio 
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cycling for screening or endurance performance verifi- 
cation. Various means exist to eliminate infant mortality, 
which will be a function of product design and the 
dominant failure mechanism of the process. For ex- 
ample, floating gate devices usually contain an infant 
mortality data retention unbiased bake screen. Normal 
reliability monitoring on E27PROMs verifies operating life, 
data retention and endurance. 


Random defects, occurring naturally in the wafer fabri- 
cation process, will cause infant mortality endurance or 
data retention failures. In neither case is there an explicit 
relationship that correlates infant mortality with device 
performance in the useful life or wearout regions. To 
improve yields, redundant memory in the device is used 
to repair initial or infant mortality failures in large or 
complex memory arrays. Due to the localized nature of 
the random defects that cause initial or infant mortality 
failures, the reliability of repaired and non-repaired de- 
vices is equivalent. 


The endurance failure rate of the E-PROMs ina system 
will increase in importance as a function of the number 
of times the system rewrites the E7PROM during system 
life. System reliability is a function of the failure rate inthe 
specified useful life region of the device, not when the 
onset of wearout occurs. Given the operating life failure 
rate of an MOS memory isin the order of 100 FITs (.01%/ 
1000 hours), the endurance failure rate contribution 
should be an order of magnitude or more lower, (Figure 
1). Catalyst serial, parallel and flash E7PROMs will meet 
system reliability requirements by providing the lowest 
endurance and total device failure rate for the specified 
system lifetime. The greater system reliability lowers the 
cost of ownership of a Catalyst E7PROM. 


Figure 3. Endurance Testing Procedure 
MIL-STD-883, Method 1033 
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E2PROM Reliability: On-Chip Error Code 


Correction for E2PROMs 


INTRODUCTION 


E°PROMs are reprogrammable nonvolatile rewritable 
semiconductor memories suitable for applications re- 
quiring in system periodic writing of new data. A write 
cycle requires standard TTL (transistor-transistor logic) 
levels available from the system 5 volt power supply. 
E2PROMs have electrical timing and parametric charac- 
teristics similar to other CMOS memories. 


In addition to the read failure rate, the reliability of the 
E2PROM is a function of the data retention and endur- 
ance failure rates. The read failure rate is less than the 
read failure rate of comparable density volatile memo- 
ries and intrinsic data retention is essentially infinite, i.e., 
hundreds to thousands of years. Endurance is the failure 
rate componentthatvaries across technology and manu- 
facturer. 


Endurance, defined as the number of program/erase 
cycles before failure of any data sheet parameter, is 
limited by the mechanisms which transfer charge within 
the device. For a given design and technology, the 
EPROM will have a predictable endurance failure rate 
and a finite limit to the useful life region (i.e., measurable 
onset of wearout). Thus, the reliability of the system is a 
function of the endurance capability of the E7PROM. 


In order to enhance endurance for high reliability 
applications, E7PROM on-chip ECC (Error Code Cor- 
rection) can be used. The benefits and constraints of the 
ECC method used for the CAT28C256 will be dis- 
cussed. 


FAILURE MECHANISMS 


Various works have demonstrated that intrinsic E7PROM 
memory transistor endurance is limited by the build-up 
of negative charge in the tunnel dielectric and the time 
breakdown of the tunnel dielectric. The initial fabricated 
level of defects, the tunnel dielectric composition and 
structure, and memory circuit design will affect the 
generation rate of failing memory transistors during 
clear/write cycling. The endurance of the floating gate 
memory transistor follows the classic bathtub curve, with 
infant mortality, useful life, and wearout regions. The 
ability of ECC to improve endurance can be predicted 
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during the useful life region when the memory transistor 
failure rate is constant. 


The charge trapping and/or oxide damage mechanisms 
will eventually cause loss of functionality of the memory 
transistor, degradation in read access time, or extrinsic 
data retention degradation. These effects will occur 
randomly during the useful life of the E7PROM, prior to 
the onset of wearout. The failures (i.e., bit errors) are 
correctable by ECC. ECC will also correct normal MOS 
failures that affect the memory transistor. 


Peripheral failures caused by endurance cycling are not 
correctable by on-chip ECC. Examples include failure in 
the charge pump, an address decoder, or output buffer. 
Test method 1033 of MIL-STD-883 provides the frame- 
work for establishing and verifying the endurance char- 
acteristics of E7PROMs, with or without ECC. 


ERROR CORRECTION CODES 


ECC is implemented using an element of length n 
consisting of k data bits and p check bits. When the 
element is accessed during a read cycle, the data and 
check bits are compared through an algorithm (ECC 
tree) to determine if an error exists and then to correct 
the error. Catalyst uses a modified Hamming code 
scheme to correct a single memory transistor error per 


byte. 


The CAT28C256 memory element is a byte which 
consists of n= 12 bits, with k= 8 data bits and p = 4 check 
bits. During a read access all 12 bits are sensed and 
latched. The latched data is decoded to correct any 
single-bit error to provide to the 8 bit output byte. Similar 
circuitry is used to generate the check bits during write. 
The 8 bits of data in the input byte are latched and the 
4 check bits are generated. The total of 12 bits per byte 
are loaded into registers for transfer to the memory 
transistors during the write cycle. 
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ECC MODEL 


The ECC model calculates the probability of a device 
exhibiting no errors after some number of endurance 
caused memory transistor errors. Although, there may 
be some initial errors after manufacturing screening, 
these are usually replaced with redundancy; thus, at the 
beginning of the user’s system life the device has no 
memory transistor errors. The purpose of ECC is to 
improve reliability, not manufacturing yield. 


The device contains a number of ECC elements as a 
function of the device density, organization, and ECC 
scheme. All single bit errors within each memory ele- 
ment (byte) are correctable, regardless if the error 
occurs in the data or the check bits. An element with 2 or 
more errors is not correctable. If a memory element 
should have 2 or more memory transistor errors, the byte 
could read up to 8 bit errors. This requires that any 
system error detection and/or correction scheme not 
use the E7PROM byte as the basic element for ECC. 


Given that: 


B 
n 
c = number of endurance (program/erase) cycles 
t= constant memory transistor failure rate 


number of bytes (ECC elements) in a device 


number of bits in an ECC element (data + check) | | 


The device hazard rate in %/1000 cycles is approxi- 


“mated by: 


h(c) = nx(n—1)xBxcx 7? 


The cumulative per cent failed is approximated by: 


H(c) = (1/2)xnx(n—-1)x Bx (tx)? 
For Catalyst, the appropriate values are: 


B = 32K = 32 x 1024 = 32768 
n=12 
t= 1.4x 10-7 %/1000 cycles 


Figures 1 and 2 show the predicted memory array failure 
rates and cumulative per cent failures fora CAT28C256 
E?PROM with and without ECC, as a function of pro- 
gram/erase cycles. The historical Catalyst memory tran- 
sistor failure rate is lower than what has been reported 
by others, thus a Catalyst device with or without ECC 
has superior endurance reliability. 


Figure 1. Predicted CAT28C256 Endurance Rate With and Without ECC 
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Figure 2. Predicted CAT28C256 Cumulative Endurance With and Without ECC 
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Procurement Considerations for Reprogrammable 
Nonvolatile Microcircuit Memories 


OVERVIEW 


When procuring a microcircuit, many considerations are 
important. These may be divided into two categories: 
administrative and technical. Administrative issues, such 
as price, delivery, service and product assurance are not 
topics for discussion herein. Technical issues, such as 
performance, quality, and reliability will be addressed. 


The performance of a microcircuit is evaluated on pa- 
rameters specified in a data sheet. Quality is a measure 
of conformance to specification, typically expressed in 
PPM (Parts Per Million) nonconforming. Quality levels, 
as maximum PPM lot acceptance guarantees, are usu- 
ally provided in manufacturers’ warranty policies. Reli- 
ability is an expectation of quality over time, typically 
expressed as a failure rate in %/1000 hours or FITs 
(Failures In Time), oras an MTBF (Mean Time Between 
Failure). Reliability expectations are usually provided in 
manufacturers’ reliability reports for device or process 
families. 


Reprogrammable nonvolatile semiconductor memories 
have performance values, data sheets, and quality 
levels similar to other microcircuits. Reliability expecta- 
tions are complicated by considerations of endurance 
and data retention, which have failure mode character- 
istics not applicable to other microcircuits. Thus, non- 
volatile memories have additional procurement consid- 
erations that will affect manufacturing methods, data 
sheet specifications, quality levels and reliability. 


The following sections discuss the elements necessary 
for a complete data sheet, critical parameters for evalu- 
ating the quality of a device and a reliability evaluation 
methodology. 


COMMERCIAL SPECIFICATION 
PRACTICES 


DATA SHEETS 


Microcircuit electrical performance is specified by a data 
sheet. Data sheets may be very simple expressions of 
“nominal” performance levels or extensive listing of 
minimum and/or maximum performance levels under all 
allowed conditions. The magnitude of testing by the 
manufacturer usually correlates with the stringency of 
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the specification. The most thorough and detailed de- 
vice specifications are military (MIL-M-38510) slash 
sheets. 


The device data sheet contains a description of how the 
device performs its intended function, e.g., how to write 
and to read from a memory; and a list of parameters with 
performance limits and conditions that define and specify 
how each function is implemented. Testing is utilized to 
validate the circuit performs as specified. Data sheet 
limits and values are based on considerations of device 
performance, system requirements and test capability. 
The ability to test parameter performance is critical in 
understanding various data sheet limits and values. 


Device performance will predictably change as a func- 
tion of environmental parameters. For example, with 
MOS devices, speed will be slower at high temperatures 
and power supply current will be higher at low tempera- 
tures. Therefore, the environment is specified. Device 
testing is performed at worst case conditions by the 
manufacturer to assure the user of device conformance 
to the data sheet under all allowable conditions. The 
power supply level directly affects the performance to 
the device; a lower value is worst case for most param- 
eters because of the poorer conductivity of the MOS 
transistor. This is most evident for access times, which 
are generally slower at low Vcc. 


Temperature is typically specified as: commercial 0 to 
70°C; industrial —40 to +85 °C; or military —55 to +125 °C, 
reflecting the severity of the expected application. Com- 
mercial and industrial temperatures are ambient tem- 
peratures; therefore, the junction temperature of an 
operating device will be higher than the ambient and the 
device must be tested at other than the specified limits. 
The test temperature can be calculated as a function of 
the specified temperature, the device power dissipation 
at the temperature limit, and the thermal resistance of 
the package. Military temperatures are case tempera- 
tures; therefore, the junction temperature will be the 
same as the case test temperature, e.g., the test tem- 
perature and the specified case temperature are the 
same, excluding guardbands. Ambient humidity is a test 
concern because at low temperatures condensation can 
freeze up in the equipment or cause leakage paths. 
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MOS devices are typically specified with + 10% power 
supplies; however, both extremes need not be tested for 
all parameters. A worst case power supply condition, 
based on characterization, can be stipulated for most 
parameters. That is the only condition that should be 
tested in production. 


MOS nonvolatile memory test parameters fall into three 
categories: AC or timing, DC or parametric, and func- 
tional. AC parameters are the maximum or minimum 
timing conditions needed for the device to function, 
-@.g., address set-up times, data hold times; as well as 
the minimum/maximum responses from the device, 
e.g., access times. DC parameters are the static levels 
on each pin in the various operational modes, 
@.g., power supply current, input levels, output leakage. 
Functional includes those timing and static conditions, 
i.e., AC and DC parameters, necessary for the device to 
function in a given mode, e.g., read or write. The condi- 
tions, under which each parameter is specified, are 
usually included in the data oe and should reflect how 
the device is tested. 


Conventions for measuring parameters should be clearly 
stated, as device performance can change significantly 
for apparently minor differences in measuring methods. 
The most critical reference points are for AC or timing 
measurements. Timing limits are minimum and/or maxi- 
mum timing values for each parameter. Input require- 
ments for the device are specified from the external 
system point of view, i.e., what the system must provide 
to the device. Responses from the device are specified 
from the device point of view, i.e., what the device 
provides to the system. Timing edge reference points 
are required to differentiate between the input pulse 
levels or output levels and their respective (as recog- 
nized by the device) valid reference points. Edge refer- 
ence points must be specified relative to where the 
device recognizes a valid signal level. Actual test speci- 
fication edge reference points will generally indicate 
those points that the tester recognizes as the beginning 
_ of a transition for timing measurement, not where the 
device recognizes a valid signal. The difference pro- 
vides a built-in guardband between test conditions and 
actual performance requirements. The levels specified 
for DC or static performance may not be the same levels 
specified for AC or timing performance. 


Integral to the testing of an integrated circuit is the test 
philosophy utilized to determine which parameters are 
tested and in what manner. Included in the philosophy 
will be guardbanding methodologies, interface hard- 
ware design rules, test routine algorithms and character- 
ization requirements. — 


Guardbanding is the off-setting of a parameter, condi- 
tion, or attribute acceptance level from the specified 


value. This is done to account for variability in equipment 


_ and device performance or to make test programs more 


efficient and effective. Machine guardbands, imple- 
mented in the forcing, measured or external conditions, 
are required to account for the accuracy and precision 
capabilities of testers, interface hardware and handlers. 


- Device guardbands are implemented where device per- 


formance greatly exceeds the parameter limit; thus, an 
early warning of a change in performance is available. 
Test program guardbands are implemented to speed up 
device testing, where worst case conditions can be 
applied based on predictable device behavior, e.g., for 
pattern sensitivities. | 


Parameter conformance to specification can be mea- 
sured in a variety of ways. In variate testing, which is 
usually only used for characterization, the actual value 
of the parameter is determined. For DC parameters, this 
is relatively simple because the measurement is effec- 
tively the output of a voltmeter or ammeter. For AC 
parameters, this can be very complex, depending on the 
timing signal measured, because a narrow strobe must 
be continuously repositioned until the desired transition 
is detected or the reference edge must be continuously 


_ repositioned until the desired output is obtained. Variate 


testing, whether on an automated tester or a bench 
setup, is used primarily to validate the design and 


_ performance models for initial device release or after 


design changes. 


Attribute testing is the comparison of a measured pa- 


rameter under given conditions to a specified limit. The 
tested parameter then either passes or fails—go/no go. 
Some parameters are directly compared with the limit, 
while others must be “tested by inference” or “tested by 
the application of specified signals and conditions’. 
Tested by inference is the validation of the performance 
of a parameter by the measurement of the correct 
performance of a correlated parameter or function. 
Tested by inference also applies when testing a worst 
case condition; therefore, all other conditions need not 
be tested. Tested by the application of specified signals 
and conditions is the applying of input parameters at 
their specified minimum or maximum and measuring the 


_ correct performance of a dependent parameter or func- 


tion. Parameters that are outputs from the device are 
compared with standards or measured. Inputs to the 
device are tested by inference or application of specified 
signals and conditions. 


Data sheets usually reference mechanical specifica- 
tions for the packages containing the microcircuits. Most 
packages conform with either JEDEC Publication 95 or 
MIL-STD-1835. Otherwise, the manufacturer should 
have a similar specification providing all dimensional 
and material requirements. Visual and mechanical per- 
formance criteria per applicable specification are usu- 
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ally inspected for by the manufacturer before shipment 
of the devices. Dimensions, such as package thickness 
and lead spacing, may be critical for automatic insertion 
equipment operation. Composition, such as lead finish, 
- may be critical for solderabilty. Explicit methodology for 
validating mechanical and visual performance is con- 
tained in MIL-STD-883, which is generally used as the 
baseline for all mechanical or visual inspection criteria. 


RELIABILITY PARAMETERS 


Reliability evaluation may be divided into two catego- 
ries: mechanical and electrical. Nonvolatile semicon- 
ductor memories are assembled in packages using 
similar materials and processes as other microcircuits; 
thus, the mechanical reliability is the same. Mechanical 
reliability evaluations typically use JEDEC Standard 22 
or MIL-STD-883 for test methods. 


Electrical reliability for nonvolatile semiconductor memo- 
ries is different from reliability for other microcircuits 
because reprogrammable nonvolatile memory reliability 
is the summation of the factors of operating life (read), 
data retention and endurance. 


F.R.device = F.R.read + F.R.endurance + F.R.data retention 
F.R. = Failure Rate 


The read, endurance and data retention failure rates are 
thermally accelerated; therefore, must be given stating 
the temperature, confidence interval and apparent acti- 
vation energy or alternative deacceleration technique. 


Endurance is the most important because the endur- 
ance reliability is a direct function of the application, i.e., 
the number of times the device is rewritten during 
system operation. In other words, the total system life 
can be compromised by the endurance capability of the 
E*PROM. Floating gate devices have a known endur- 
ance wearout mechanism, which is nota factor in normal 
operation, but can affect system performance if the 
specified number of endurance cycles is greatly ex- 
ceeded. 


Endurance is defined as: “The measure of the ability of 
a nonvolatile memory device to meet its data sheet 
specifications as a function of accumulated nonvolatile 
data changes”, per IEEE STD-1005-1991 “Standard 
Definitions and Characterization of Floating Gate Semi- 
conductor Arrays”. The data sheet specifications in- 
clude write functionality, data retention, and read access 
time. Typically, a nonvolatile data change is the comple- 
tion of a program/erase cycle for each byte, i.e., transfer- 
ring charge to and from the storage node in the memory 
transistor. 


Endurance has two primary failure mechanisms, charge 
trapping or oxide damage, which can result in any of 
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three failure modes, data retention degradation, access 
time degradation, or loss of write functionality. The 
charge is transferred to and from the storage node 
through an oxide, resulting in the failure mechanisms of 
oxide damage and charge trapping. These are caused 
by the cumulative effects of passing a current through a 
nominal insulator and placing a high electric field across 
an oxide. Thicker oxides have a greater likelihood of 
measurable charge trapping. Thinner oxides require 
greater care in processing to reduce initial oxide defects, 
which cause yield loss. Endurance cycling over the 
lifetime of the system will cause random oxide damage 
and charge trapping at some constant low level. Design 
and processing by the manufacturer must be such to 
minimize initial defects and reduce generated defects to 
the lowest possible level. Stressing and testing must be 
performed to separate devices with various levels of 
endurance performance. 


When a high number of endurance cycles or a very low 
endurance cycle failure rate is desired, error correction 
is suitable for oxide damage induced failures. Bit or byte 
error correction methods are used to extend the endur- 
ance of devices whose dominant failure mode is oxide 
damage in the storage node. Error correction is not 
practical for uniform charge trapping induced failures. 
However, a low failure rate during the stipulated useful 
life region may be achieved by proper design, process- 
ing and screening. 


Endurance follows the “bathtub” curve, with an infant 
mortality region governed by defects, a useful life region 
governed by the intrinsic integrity of the design and 
process, and a predictable wearout region governed by 
the cumulative effects of transferring charge through an 
oxide. Infant mortality is eliminated by the manufacturer 
during screening and testing. The useful life region 
failure rate level is assessed by way of product monitors. 
The onset of wearout is determined by extended endur- 
ance cycling, including stressing devices past the initial 
failure. Endurance cycling as a periodic qualification test 
has historically been considered the preferred means of 
verifying capability because cycling can be performed in 
real time and is the actual operating mode of the device. 


Data retention has infant mortality, which must be 
screened in the manufacturing flow. There is a useful life 
region that is governed by the intrinsic integrity of the 
design and process. Wearout does not occur (in the 
sense that permanent, nonreversable degradation is 
present) because the storage node may be refreshed. 
Intrinsic data retention, the time the storage node is 
capable of retaining charge independent of the applica- 
tion, may vary by device design and process technology, 
but is essentially very long compared with real world 
operating conditions. The extrinsic data retention is a 
function of endurance. Endurance failure rate expecta- 
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tions should contain the extrinsic data retention failure 
_ tate induced by endurance. The intrinsic data retention 

failure rate should be considered independent of 
endurance. : 


Test Method 1033 of MIL-STD-883 describes the proce- 
dures to be used when performing endurance cycling for 
screening or endurance performance verification. Vari- 
ous means exist to eliminate infant mortality, which will 
be a function of product design and the dominant failure 
mechanism of the process. For example, some devices 
use endurance cycling and others use a margin test to 
screen out infant mortality. Most device manufacturing 
flows contain an infant mortality data retention unbiased 
bake screen. Military requirements contain a periodic 
Quality Conformance Inspection (QCl) which must be 
performed on JAN, SMD, or 883 compliant E7PROMs to 
verify operating life, data retention and endurance. A 
similar requirement could be added for other reprogram- 
mable nonvolatile devices. 


Random defects, occurring naturally in the wafer fabri- 
cation process, will cause infant mortality endurance or 
data retention failures. In neither case is there an explicit 
relationship that correlates infant mortality with device 
performance in the useful life or wearout regions. To 
improve yields, manufacturers may include redundant 
memory in the device, used to repair initial or infant 
mortality failures. For large and complex memory ar- 
rays, e.g., RAMs, EPROMs, or E7PROMs, few devices 
are shipped that do not include some level of redun- 
dancy repair. Due to the localized nature of the random 
defects that cause initial or infant mortality failures, 
the reliability of repaired and non-repaired devices is 
equivalent. 


The endurance failure rate of the reprogrammable non- 
volatile memories in a system will increase in impor- 
tance as a function of the number of times the system 
rewrites the memory during system life. System reliabil- 


ity is a function of the failure rate in the specified useful 


- life region of the device, not when the onset of wearout 
occurs. Given the operating life failure rate of an MOS 
memory is in the order of 100 FITs (.01%/1000 hours), 
the endurance and intrinsic data retention failure rate 
contributions should be an order of magnitude or more 
lower. 


WARRANTY POLICIES 


All microcircuit manufacturers provide warranty policies. 
These documents are typically broken into three catego- 
ries: the warranty, the guarantee and the applicable 
conditions. 


The warranty typically states that any nonconforming 
device may be returned to the manufacturer for credit or 
replacement. Conformance is to the data sheet or other 


applicable specification and is usually for a term of one — 
year from date of shipment. 


The guaranty is for lot acceptance and typically states 
that any lot that fails the lot acceptance sampling plan 
per the applicable specification may be returned to the 
manufacturer for credit or replacement, within one year 
from shipment. 


The warranty policy will define those conditions under 
which devices may be returned, including administrative 
and technical requirements. Administrative requirements 
define the logistics and methodology of documenting 
and returning the affected devices, e.g., so that credit 
may be applied to the correct order. Technical require- 
ments include: defining the condition of returned de- 
vices, e.g., must be testable, and the amount of correla- 
tion needed to validate nonconformance. 7 


Lot acceptance guaranties, specified per the applicable 
lot acceptance sampling plan, will define guaranteed 
quality levels. Typically the quality level applies to all 
data sheet electrical parameters and the applicable 
mechanical/visual requirements but does not apply to 
reliability expectations. Parameters such as data reten- 
tion and endurance, which although reliability expecta-. 
tions, can be treated as quality parameters; thus, often 
have a quality level or lot acceptance guaranty. 


Quality levels, measured in PPM nonconforming, are 
estimates of the AOQ (Average Outgoing Quality) of the 
manufacturers’ production line, post all screening, test- 
ing and sampling. JEDEC Standard 16 defines how to 
assess AOQ in PPM for microcircuit manufacturing. 
Transformation of AQL (Acceptable Quality Level) or 
LTPD (Lot Tolerant Percent Defective) sampling plans 
and lot guaranty levels to AOQ values are treated in 
standard texts on acceptance sampling. 


The warranty policy should contain a definition and 
statement of guaranty for endurance and data retention. 
An example: 


Endurance is the measure of the ability of a reprogram- 
mable nonvolatile memory device to meet its data sheet 
specifications as a function of accumulated program/ 
erase cycles. A program/erase cycle is the act of chang- 
ing data from original (e.g., erased) to opposite (e.g.,. 


programmed) back to original for all bits of the memory 


array. 


The memory shall be capable of the specified number of 
program/erase cycles per specified memory element, 
e.g., byte sector, page, independent of the programming 
or erase method, e.g., byte, page, sector, chip. 


Data retention is the measure of the integrity of the 
stored data as a function of time. Data retention time is 
the time from data storage to the time at which a 
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repeatable data error is detected. 


The device shall be capable of the specified number of 
years of data retention. This applies across the operat- 
ing temperature range and after the specified minimum 
number of endurance cycles. 


The memory has a lot acceptance guaranty of a 1% 
AOQL (LTPD 5/1) for the specified number of endurance 
cycles and data retention years, as verified by the 
specified test methodology (see the Verification section 
in Qualification Testing). 


CRITICAL DEVICE PARAMETERS 


ELECTRICAL 


All electrical parameters are important for the correct 
functioning of the device in the application; however, a 
few tend to be more visible because they are the 
parameters that most often appear to fail. 


Critical DC parameters are input/output leakage and 
power supply currents. High input/output leakage levels, 
typically caused by ESD (Electro-Static Discharge) or 
EOS (Electrical Over-Stress) will cause non-functional- 
ity by address lines, control pins or outputs being unable 
to gotocorrect levels. High power supply currents, either 
active or standby, typically caused by EOS, may over- 
load supply lines and damage other components. 


Critical AC parameters are access timing values and 
input/output level conditions. Access times are sensitive 
to data and address patterns; if the device is inad- 
equately tested by the manufacturers, i.e., not using 
worst case data and address patterns, the device may 
occasionally read incorrectly in the application. Input/ 
output level test conditions differ widely from device to 
device and manufacturer to manufacturer. Timing val- 
ues are extremely sensitive to the applied input/output 
levels; thus, devices with supposedly the same timing 
value may function differently in the application because 
of different levels used during manufacturer’s testing. 


Allparameters should be controlled by the manufacturer's 
internal documentation for how they are tested. Some 
parameters, e.g., capacitance, are only tested initially 
and after a design change that affects capacitance. 
Others should indicate if tested by inference or 
application of specified signals and conditions. The 
address and data patterns used for verifying write and 
read functionality as well as appropriate machine, 
test or device guardbands should be included in the 
documentation. 


MECHANICAL/VISUAL 


Critical mechanical parameters are: the package dimen- 
sions of thickness and lead spacing, which can affect 
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how devices interact with automatic insertion equipment 
or the dimensions of the application; and solderability, 
which affects the mechanical, thermal and electrical 
connection of the device to the application. 


Critical visual parameters are the marking of the device 
and the marking permanency. These are important to 
clearly and permanently identify the device, e.g., part 
number, date code, orientation. 


RELIABILITY 


Critical reliability parameters include endurance, data 
retention and package integrity. Endurance will be appli- 
cation dependent, i.e., how often the device is rewritten, 
will affect the overall failure rate. Data retention will be 
application sensitive, i.e., the intrinsic data retention 
failure rate of some devices or technologies may pre- 
clude some applications. Package integrity is not unique 
to nonvolatile memories butis also application sensitive, 
i.e., concerns with hermeticity especially for glass sealed 
packages and concerns with cumulative exposure to 
temperature and humidity for plastic packages. 


Although not exactly reliability concerns, two other is- 
sues may be of concern when using nonvolatile memo- 
ries: radiation tolerance and declassification ability. Ra- 
diation tolerance is a measure of how much radiation a 
device may receive and continue functioning. In some 
cases for similar technologies, radiation tolerance corre- 
lates with reliability performance, but is not always a 
means for comparing different nonvolatile technologies 
for reliability. Declassification ability is a measure of the 
difficulty or possibility of recovering information suppos- 


~ edly removed from the device. 


MANUFACTURER’S SCREENING 


ELECTRICAL 


Manufacturing of microcircuits consists of three major 
steps: fabrication, assembly and test. Fabrication con- 
sists of various physical, chemical, photolithographic 
and inspection operations to form die on the microcircuit 
wafer. Assembly consists of placing microcircuit die in a 
package for connection to other elements. Test consists 
of identifying the conformance level of each microcircuit. 


Normal microcircuit manufacturing practices include 
one or more 100% electrical tests, e.g., each device is 
tested for DC, AC and functional parameters, separating 
devices by performance level. For complex microcir- 
cuits such as nonvolatile memories, electrical testing 
before assembly is done at room temperature and 
electrical testing post assembly is at high and/or cold 
temperature. Military devices require testing at high, 
low, and room temperatures. MOS devices are worst 
case at higher temperatures; thus, commercial devices 
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may have a single insertion at high temperature and be 
guardbanded for parameters that are adversely affected 
by lower temperatures. 


Complex devices are tested using automated testers 
(ATE—Automated Test Equipment) and test handlers 
with suitable interface hardware. The ATE is controlled 
by software, called a test program, which contains the 
various algorithms for testing a device. These will in- 
clude the forced and measured values, guardbands, 
data and address patterns in a sequence sufficient to 
exercise all functions at applicable data sheet limits. In 
addition, manufacturer's test programs typically include 
special modes that allow operation of the device in a 
non-data sheet specified manner to improve test effec- 
tiveness or efficiency, e.g., apply an accelerating stress 
or reduce test time. Handlers will control the ambient 
temperature for test and segregate devices to various 
bins by test results. | _ 


Users should verify the manufacturer has fully docu- 
mented the test program, interface hardware, the accu- 
racy and precision of the test setup and the operating 
procedures for performing test. 


RELIABILITY 


Although microcircuits are designed for reliability, vari- 
ability in the manufacturing processes could cause 
sooner than expected degradation of performance. This 
infant mortality is usually the result of random defects in 
manufacturing material or processes and may be de- 
tected by accelerated stresses. 


Nonvolatile memories have two reliability parameters, 
endurance and data retention, which require evaluation 
and possible additional screening to remove infant mor- 
talities. Screening of other reliability parameters should 
be consistent with that of other microcircuits fabricated 
with similar processes and assembled in similar pack- 
ages. Test methods should reference MIL-STD-883 
for hermetic devices or JEDEC Standards for plastic 
devices. 


The manufacturer’s test flow should include screens for 
endurance and data retention. Endurance screening is 
typically performing some number of endurance (pro- 
gram/erase) cycles or other oxide stress to accelerate 
defects in the charge transmission oxide. This is usually 
followed by a data retention stress, e.g., a high tempera- 
ture unbiased bake, for a data retention screen. The 
manufacturer should be able to provide a methodology 
and data to support whatever endurance and data 
retention screens are used. Test Method 1033 of 
MIL-STD-883 provides a format for defining the require- 
ments for an endurance and data retention screen. 


QUALIFICATION TESTING 


CHARACTERIZATION 


Upon identification of a potential device for an applica- 
tion, the adequacy of the device for the application must 
be verified. Given the application constraints are known, 
this usually consists of characterizing the electrical and 
reliability performance of the proposed device. Before 
embarking on.the very expensive effort of device char- 
acterization, several other activities should be performed. 


The manufacturer should be audited by the user or 
users’ representative, e.g., DESC or the NSI (National 


‘Supervising Inspectorate for the ISO-9000 series Qual- 


ity Systems), for general capability to manufacture con- 
sistently a device that conforms to applicable specifica- 
tions. This will include system capability as well as 
specific technical abilities. Then the manufacturer should 
provide information to the user, detailing the manufac- 
turing technology and device performance specifica- 
tions and reliability expectations. | 


Once satisfied that the manufacturer and device comply 
with the application requirements, the user should ob- 
tain some devices for validation of promised results. 
User testing should verify performance to the data sheet 
or other applicable specification and should be used to 
establish correlation between the manufacturer's in- 
spection and the user’s application. Critical elecirical 
and mechanical/visual parameters should require extra 
attention to assure consistency in measurement. 


Reliability parameters should receive characterization, 
in particular endurance and data retention. Program/ 
erase cycling and data retention bake should continue 
until the onset of endurance wearout, ij.e., where the 
endurance failure rate increases with additional cycles. 


Verification of the intrinsic data retention failure rate 
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should establish, using standard deacceleration tech- 
niques, that the MTBF of the nonvolatile memory is 
greater than the application’s required storage time. 
Other reliability parameters, such as life test, may use 
data provided by the manufacturer. 


A typical endurance and data retention characterization 
test would consist of choosing two samples; then: sub- 
ject the first sample to the number of endurance cycles 
at the temperature used in the application followed bya 
data retention bake that correlates to the storage time 
required of the application. Subject the second sample 
to increasing numbers of program/erase cycles, inter- 
leaved periodically with short data retention bakes until 
the majority of devices have failed two or more bits. 
Analysis of this data in conjunction with the manufactur- 
ers supplied data should validate the feasibility of the 
proposed device in the application. 
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VERIFICATION 


After characterization verifies the microcircuit is capable 
of meeting the application requirements, some ongoing 
testing will be required to assure production deliveries 
continue to conform to specification. Commonly used 
methods include: source inspection, incoming inspec- 
tion, regular audits and periodic monitors. 


Source inspection requires the user or designate to 
witness critical manufacturing or quality assurance op- 
erations to verify shipped product conforms to the appli- 
cable specification. Incoming inspection accomplishes 
a similar purpose by having the user inspect production 
material upon receipt. 


Regular audits are the occasional assessment of the 
manufacturer by the user to assure that manufacturing 
methods, systems, procedures and specifications are 
being adhered to in the ongoing production of the 
purchased microcircuits. Periodic monitors are the sub- 
jecting of asample to an incoming test or a characteriza- 
tion evaluation. 


Incoming inspection is probably the least productive of 
the various verification methodologies and certainly the 
most expensive. Regular audits, combined with periodic 
monitors is probably the most effective but requires a 
skilled and trained audit and evaluation team to imple- 
ment. Source inspection is the simplest and probably 
least expensive means to verify product conformance to 
specification. The means that are most appropriate to 
situation depend on the relationship of manufacturer 
and user, the capabilities of both parties, and any other 
overriding considerations, e.g., government require- 
ments. In all cases, regular communication between 
manufacturer and user is vital to assure ongoing perfor- 
mance improvement. 


Reliability parameters should be monitored by the 
manufacturer's reliability reports. In addition, endur- 
ance, data retention, and steady state life performance 
can be periodically validated by the following methodol- 


ogy: 


An endurance test, reference Method 1033 of MIL-STD- 
883, shall be added before performing the steady state 
life test and extended data retention test. Cycling may be 
chip, sector, block, byte or page on finished devices. The 
following conditions shall be met: 


1. All bytes shall be cycled for a minimum of the speci- 
fied number of cycles at equipment room ambient. 
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2. Perform parametric, functional and timing tests at 
room temperature, after cycling. Devices having bits 
not in the proper state after functional testing shall 
constitute a device failure. Separate the devices into 
two groups for extended data retention and steady 
state life test, then write correct data patterns. 


3. Perform the extended data retention, consisting of a 
high temperature unbiased storage for 1000 hours 
minimum at +150°C minimum. The storage time may 
be accelerated by using a higher temperature accord- 
ing to the Arrhenius relationship and an apparent 
activation energy of .6eV. The maximum storage 
temperature in a Nitrogen environment shall not ex- 
ceed +175°C for hermetic or +160°C for plastic de- 
vices. All devices shall be programmed with a charge 
on all memory cells in each device, such that a loss of 
charge can be detected e.g., worst case pattern. 


4. Read the data retention pattern and perform para- 
metric, functional and timing tests at room tempera- 
ture, after cycling and bake. Devices having bits not 
in the proper state after functional testing shall consti- 
tute a device failure. . 


5. Perform steady state life, reference method 1005 
condition D of MIL-STD-883, for 1000 hours at +125°C 
in a Nitrogen environment. The steady state life time 
may be accelerated by using an Arrhenius relation- 
ship and apparent activation energy of .4 eV. The 
maximum operating junction temperature shall not 
exceed +175°C. All devices shall be written with a 
checkerboard or equivalent topological alternating bit 
pattern. 


6. Read the steady state life pattern and perform para- 
metric, functional and timing tests at room tempera- 
ture, after cycling and steady state life. Devices 
having bits not in the proper state after functional | 
testing shall constitute a device failure. 


7. The endurance, data retention and steady state life 
tests shall individually pass a sample plan to an_LTPD 
of 5/1 (sample size = 77, accept = 1), equivalent to an 
AOQL = 1%. 


SUMMARY 


‘Reprogrammable nonvolatile memories should be pro- 


cured with the same care as other microcircuits. The 
additional application dependent reliability parameters 
of endurance and data retention require careful consid- 
eration of device design, manufacturing methodology, 
reliability criteria and documented performance. 
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SEMI CONODODBUCTAR 


Full-Featured E7PROM Cell Operation 


The Catalyst full-featured E7PROM memory cell, used 
for both serial and parallel devices, consists of an MOS 
floating gate memory transistor, a select transistor and 
support circuitry (Figure 1). The memory cell defines a 
logic state, either a “1” or a “O,” by storing negative or 
positive charge on the floating polysilicon gate of Q1. 
The status of the gate is sensed during the read opera- 
tion. 


Charge is transferred to and from the floating gate 
through the thin tunnel dielectric by Fowler-Nordheim 
tunneling; i.e., the quantum-mechanical transmission of 
an electron through the oxide bandgap. Tunneling oc- 
curs when a high voltage, generated within the die, is 
placed across the tunnel dielectric region of the memory 
transistor. 


For a logic “1,” electrons are stored on the floating gate, 
using the conditions defined for “erase” (Table 1). Q1 
has the high voltage placed on the top polysilicon gate, 
via the sense line through Q4 and Q5. The source and 
drain are grounded, through array Vss, Q2 and Q3 
respectively. Fowler-Nordheim tunneling, generated by 
the high field from the top gate to the drain, will transfer 
electrons to the floating gate. The net negative charge 
will raise the Q1 threshold to a value greater than the 
reference voltage. 


Figure 1. Generic Full-Featured E2PROM 
Memory Cell 
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For a logic “0,” holes (absence of negative charge) are 
stored on the floating gate, using the conditions defined 
for “program” (see attached table). Q1 has a high 
voltage place on the drain, via the bit line through Q2 and 
Q3. The top gate is grounded through Q4 and Q5, and 
the source is floating. Fowler-Nordheim tunneling trans- 
fers electrons off the floating gate. The net positive 
charge will lower the Q1 threshold to a value less than 
the reference voltage. 


During the read operation, the reference voltage is 
applied to the top gate of Q1 via the sense line. For Q1 
thresholds greater than the reference voltage, the se- 
lected Q1 will not conduct. The cell current on the bit line 
is detected by the sense amplifier and the resulting 
output is a logic “1”. 


Q2 isolates unselected memory transistors on the same 
bit line, eliminating program and read disturb. Q4 iso- 
lates unselected bytes on the same sense line, eliminat- 
ing DC program, DC erase and read disturbs. 


Support circuitry is used to input and output data to and 
from the memory in various modes, e.g., serial, parallel, 
page. Error correction can be implemented using mul- 
tiple cells and an ECC algorithm. 


Table 1. Full-Featured E7PROM Memory Cell 


| ERASE PROGRAM READ 
Bit Line 0 20 V 1.5V 
Column Select 0 0 5V 
Word Line 20 +Vt V 20 +Vt V 5V 
Sense Line 20V 0 2V 
Array VSS Ground Floating Ground 
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Flash Memory Cell Operation 


The patented Catalyst flash memory cell consists of an 
MOS Floating Gate memory transistor and support 
circuitry (Figure 1). The memory cell defines a logic 
state, either a “1” or a “O,” by storing two different levels 
of negative charge on the floating polysilicon gate of Q1. 
The status of the gate is sensed during the read opera- 
tion. 


Charge is transferred to the floating gate through the 
gate oxide by channel hot electron injection. Charge is 
transferred from the floating gate by Fowler-Nordheim 
tunneling; i.e., the quantum-mechanical transmission of 
an electron through the oxide bandgap. Both transmis- 
sion mechanisms require the application of a high volt- 
age, which may be supplied externally or generated 
within the die. 


For a logic “O,” electrons are stored on the floating gate, 
using the conditions defined for “program” (Table 1). Q1 
has the high voltage placed on the top polysilicon gate, 
via the word line, and the drain, via the bit line. Q1’s 
source is connected to array source, which is at ground, 
through Q2. Channel hot electrons, generated by the 
source-drain potential, are swept to the floating gate by 
the top gate to substrate field. The excess negative 


Figure 1. Generic Flash Memory Cell 





Q1 « MEMORY TRANSISTOR 
Q2 ¢ PASS GATE (EACH 16 COLUMNS) 
Q3 ¢ SECTOR SELECT (EACH 16 ROWS) 


EVERY 16 ROWS « 2K BYTES * 1 SECTOR 
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charge will raise the Q1 threshold to a value greater than 
the reference voltage. 


For a logic “1,” a reduced quantity of electrons is stored 
on the floating gate, using the conditions defined for 
“erase” (see attached table). Qi has a high voltage 
placed on the source, via the erase source through Q3. 
The top gate is grounded, via the word line, and the drain 
is floating. Fowler-Nordheim tunneling transfers elec- 
trons off the floating gate. The Q1 threshold is lowered 
to a value less than the reference voltage. 


During the read operation, the reference voltage is 
applied to the top gate of Q1, via the word line. For Q1 
thresholds greater than the reference voltage, the se- 
lected Q1 will not conduct. The cell current on the bit line 
is detected by the sense amplifier and the resulting 
output is a logic “O”. 


Q2 isolates unselected memory transistors on the same 
bit line, eliminating program disturb. Q2 also isolates 
every 16 memory transistors along the word line, pre- 
venting DC program and DC erase disturbs. Q3 isolates 
each sector for erasure, preventing overerase of 
unselected sectors. 


Table 1. FLASH Memory Cell 


PROGRAM ERASE READ 
BL (Bit Line) =7V Floating =1V 
WL (Word Line) Vpp 0 Vcc 
AS (Array Source) 0 0 0 
ES (Erase Source) 0 Vppt 0 
R (Sector Select) OFF (0) VpptVt OFF (0) 
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Failure Rate Prediction 


Integrated circuits have no moving parts, yet like all 
functional devices have a possibility of failure. Although 
the future of an individual device cannot be predicted, 
the lifetime of a population of devices will have predict- 
able behavior. The expected lifetime will be a function of 
the design, manufacturing, screening and testing history 
of the population. 


Failure rate predictions are used to estimate the longev- 
ity of applications using the devices. Reliability is often 
described as device performance over time; thus, the 
behavior of populations of devices is mathematically 
described using probability models. Probability density 
functions and cumulative distribution functions are used 
for predictions of failure. Some commonly used terms 
and definitions are: 


1. Mortality Function (Probability Density Function 
of Time-to-Failure); f(t): 


The rate at which devices are failing referenced to the 
Original population. f(t)dt is the probability the device will 
fail in the interval “t” to “t + dt.” 


2. Cumulative Mortality Function (Cumulative Distri- 
bution Function of Time-to-Failure), F(t): 


[a] the integral of f(t). 
[b] the probability that a device will have failed by time “t’; 
[c] the fraction of units that have failed by time ‘t.” 


3. Cumulative Reliability Function; R(t) = 1 — F(t): 


[a] the probability that a device will function at time ‘t’; 
[b] the fraction of units that have survived to time “t.” 


4. Hazard Rate (Instantaneous Failure Rate); h(t): 


The rate at which devices are failing referenced to the 
Survivors. 


h(t) = f(t) / R(t). 

5. Cumulative Hazard Function; H(t): 
The integral of h(t). | 

6. FIT: 


Failure In Time: the number of failures per 10° hours. 
Typically used to express the failure rate. 
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7. %/1000 hours: 
An alternative expression of the failure rate. 


Many population failure distributions have been utilized; 
e.g., the normal, lognormal, weibull, exponential ex- 
treme value. The exponential (similar to the weibull with 
(3 = 1) is often used for modeling because of its ease of 
use and applicability. The exponential is appropriate for 
failures caused by random latent defects or a compo- 
nent of many constituents. 


The failure rate of devices is expected to vary over the 
lifetime of the population. This behavior is modeled by 
the classic “bathtub curve”; which includes an infant 
mortality region, an intrinsic or useful life region and a 
wearout region. 


Infant mortalities are a result of latent defects or poor 
manufacturing practices, which result in early failures 
and a sharply declining failure rate. The device manu- 
facturer should eliminate this region by design or screens, 
i.e., accelerated stresses that are part of the manufac- 
turing flow. _ 


The wearout region is caused by an accumulation of 
stress during the operation of the device, resulting in an 
increasing failure rate. This region is eliminated by the 
user choosing a device of sufficient reliability for the 
application. : 


The useful life region is a function of the intrinsic capa- 
bility of the device including the design, construction 
materials, manufacturing, and screening flow. This re- 
gion is characterized by a relatively constant failure rate; 
thus, the exponential is an appropriate distribution: f(t) = 
t e(-*) and h(t) = t; where 7 is the constant hazard rate. 


The reliability performance of a microcircuit population is 
evaluated by stressing a sample. The stress is per- 
formed at conditions which should accelerate the failure 
rate during the stress, relative to normal operating 
conditions. Because a sample is used, the estimate (t) 
of the population hazard rate (t) is derived by statistics. 
The x? (chi-squared) distribution is used to determine 
the t confidence interval. 


t=x/ {2x dntA} 
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Failure Rate Prediction 


where x.is the tabular value of the x? for the desired 
confidence (a), with 2r + 2 degrees of freedom (r = the 
~ number of failures in the sample). 


n = the number of devices on stress. 
t = the duration of the stress for each passing device. 
A = the acceleration factor. 


The failure mechanisms that contribute to the failure rate 
~ vary with temperature. The mortality function is the 
probability distribution that represents the aggregate of 
these mechanisms; thus, the mortality rate will vary with 
temperature. Analogous to modeling the rate of a chemi- 
cal reaction, the Arrhenius equation is used to model the 
shift in the mortality distribution. The apparent activation 
energy, associated with various failure mechanisms, 
quantifies the temperature dependence of the 
distribution’s shift. 


The acceleration factor, A, is calculated by the Arrhenius 
equation and the apparent activation energy: 


A = exp{[Ea/k][(1/Tn) — (1/7 j)]} where, 
Ea = the apparent activation energy. 

k = Boltzman’s constant (8.62 x 10°) 

Tn = normalized junction temperature °K. 
Tj = stress junction temperature in °K. 


Models for infant mortality and wearout have been 
derived, but are not pertinent to useful life failure rate 
prediction. 


EXAMPLE 


A sample of 77 devices is submitted to dynamic burn-in 
at an ambient oven temperature of 150°C for 2000 
hours, with 1 failure at 1000 hours. What is the 90% 
confidence interval estimation of the failure rate at 55°C 
ambient operating. 


7150 = X/ {2 x Int} 


where X = 7.779 for « = .90 and degrees of freedom 
= 4 [(2 x1) + 2] 


Ent = (76 x 2000) + (1 x 1000) = 153,000 
thus . 
7150 = 7.779 / (2 x 153,000) = 25,422 FiTs 
755 =7T150/A 


Notes: The typical Ea for an MOS device in dynamic 
burn-in is .4. Ambient temperatures were given and the 
equation requires junction temperatures. For this die 
and package, assume the junction temperature rise is 
5°C; therefore, | 


A = exp{[.4/8.62x10°] x {[1/(55+273+5)] 
— [1/(150+273+5)]}} 


= 22 | 
155 = 25,422 / 22 = 1156 FITs 


The estimation of a failure rate based on a single small 
sample is limited by the statistics of the sample size. In 
order to have true representations of the population 
failure rate, data must be combined from several samples. 
Therefore, typical failure rates are given for device 
families or technologies, not individual device types. 
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Single Transistor 5V Flash Technology, 


with Sector Erase 


A 1.0um Flash technology has been developed, for full 
device operation with one external 5V power supply. 
The single transistor Flash cell has been used to obtain 
a high density with the smallest possible die size, which 
minimizes cost. 


The use of a 5V power supply enlarges the range of 
applications and reduces cost, by eliminating the need 
for an additional power supply. 


The use of sector erase is particularly suited to applica- 
tions where a boot program must remain unchanged 
while the program memory or remaining data is updated. 
One chip providing both functions will reduce the num- 
ber of chips on the board. Otherwise, a standard design 
would use an E7PROM or battery backed-up RAM, for 


Figure 1. Block Diagram 












STATE CONTROL 
COMMAND REGISTER 
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ADDRESS LATCH 


Y-DECODER 


X-DECODER 


updatable memory, anda PROM or EPROM to store the 
boot program. 


The advantages of one 5V power supply, one chip for 
boot and updatable memory, and device price will sig- 
nificantly reduce the cost of an application. 


The 5V functionality is achieved by means of 2 charge 
pumps: 


a. one providing 10 mA at 7V during programming and 
5 mA at 13V during erase, 


b. one providing 100 uA at 13V, during programming to 
pump up the Word Lines and during erase to control 
the sector decoder. 


VOo-VO7 


i INPUT/OUTPUT BUFFERS 


DATA | 
LATCH SENSEAMP 


7 Y-GATING COUNTER 




















524,288 BIT 
CELL MATRIX 


SECTOR 
ERASE 
DECODER 
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The design of a 5V to 13V converter with high output 
current implies not only a careful sizing of the capacitors 
and diode mounted transistors, but requires noise re- 
duction features, such as separate groundlines, stepped 
clocks and pump output regulation (Figure 1, Block 
diagram). 


The array consists of 8 blocks, one for each I/O pin. To 
ground the cell source during read and program, pass 
gates are regularly distributed along each word line. To 
bring the cell source to a high voltage during erase, each 
source is tied, through an erase decoder, to the erase 
voltage internal supply. The sector size is 2K bytes, 
consisting of 16 rows in each block. 


The addition in the array of the pass gates and erase 
gates allows the erase of single sectors. These gates 
decrease the leakage on each bitline, since only 16 cells 
on one bit line have their source grounded at one time. 
This provides extra protection against the risk of “over- 
erase,” e. g., disturb of the accessed cell by unselected 
depleted cells (Figure 2, array structure). 


The sectors can either be erased one by one at random, 


or sequentially. One by one, an erase pulse is sent - 


Figure 2. Array Structure 


selectively to the chosen sector. The sector data is then 
verified and other erase pulses are sent, if necessary. 
Sequentially, each erase pulse increments the sector 
pointer, so that.all sectors erase within the same sub- 
routine. A reset command initializes the sector pointer. 
The sequential erase is faster for a program memory 
update, with boot sectors unchanged. The random sec- 
tor erase is faster for a data memory update, with other 
data sectors unchanged. 


Preliminary reliability evaluations verify the usual float- 
ing gate data retention of greater than 100 years. Endur- 
ance is specified at 1% AOQL for 1000 cycles, which is 
more than adequate for program memory and many 
data memory applications. The technology is intrinsi- 
cally capable of high endurance; however, the potential 
additional screening requirements are not compatible 
with making a low cost device. 


The circuitry and technology have been developed fora 
high density, reliable, cost effective 5V only Flash 
memory. 


A512K bit, CAT28F512V5, has been designed with this 
technology, and is now in pre-production. A 1 Megabit, 
CAT28F010V5, is in development. 


ERASE SOURCE 


SECTOR DECODER 


ARRAY SOURCE 





PASS GATE — 


SECTOR SOURCE 


MEMORY CELLS 


= | f 
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Single Transistor 5V Flash Technology, with Sector Erase 


Table 1. Device Characteristics (Typical) Table 2. Process Characteristics 
Access Time 120 ns Erase Mechanism Tunneling 
loc Standby 10 WA Program Mechanism Hot Electron Injection 
Icc Read (8.3 MHz) 30 mA Tunnel Oxide | 11 nm 
loc Program 50 mA | Gate Oxide 25 nm 
loc Erase 20 mA Polysilicon Layers 2 
Program Time 10 ys/byte Metal Layer 1 
Erase Time 100 ms/sector Metal Thickness 1.0 um 
Metal Width 1.4 um 
~ Metal Spacing 1.2 um 
Cell Size 16.8 um? 
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Features and Performance of Reprogrammable 
Nonvolatile Floating Gate Memories 


INTRODUCTION 


Over the past 15 years, various floating gate devices 
have been increasingly used for reprogrammable non- 
volatile memory (NVM) applications. The UV-EPROM, 
developed as an engineering prototype tool, gradually 
replaced the original |C memory for program storage, 
the ROM. The UV-EPROM technology evolved into the 
E2PROM technology, and the two have recently merged 
to create the flash E7PROM and EPROM technology. 


The floating gate MOS transistor allows the use of a 
multitude of design approaches to satisfy user needs. 
The major device categories are NVRAM, serial 
E2PROM, parallel E7PROM, flash, UV-EPROM and the 
OTP-EPROM. This paper will compare the features and 
performance of these categories. | 


APPLICATIONS 


Comparisons must start with the application perspec- 
tive. Reprogrammable nonvolatile memories are re- 
quired where information may be changed during opera- 
tion and must be retained during power-off. The two 
major types of information are data and program, each 
type contains several classifications. 


Data memory includes information from recorders or 
sensors that is required for historical purposes or to 
maintain continuity of operation after power loss. 


Program memory can be classified as configuration, 
traceability, boot program or main program. Configura- 
tion contains look-up tables or other settings to control 
the features and set-up of different equipment and 
formats within the system. Traceability includes calibra- 
tion and maintenance settings and history, as well as 
self-test vectors. The boot program is the series of 
instructions necessary to start the system. The main 
program is the algorithm or operating system, containing 
the instructions to operate the system. 


Within each classification of memory, the actual applica- 
tion requirements may vary. Intrinsically, floating gate 
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memories have different performance characteristics 
and limitations. These must be carefully matched with 
the application. Some of the most important system 
considerations are: how many times must the memory 
be reprogrammed, what is required to change the 
memory, what voltages must the system supply, how 
much memory is required and how much does the 
memory function cost? 


These system considerations can be directly compared 
with NVM features and performance. How many times 
the memory must be reprogrammed is related to device 
endurance, i.e., the minimum number of program/erase 
cycles at a given failure rate (or cumulative percent fail). 
What is required to change the memory relates ease of 
erasing and reprogramming the device, i.e., the level, 
timing, and sequence of waveforms. What voltages the 
system must supply for device operation relates to 
tradeoffs in cost and performance issues of the circuit 
board. 


How much memory is required varies by memory clas- 
sification and available device density. How much the 
memory function costs depends on what categories and 
densities of memory and support devices are required. 


DEVICE FEATURES AND PERFORMANCE 


Important device parameters include speed, write 
method, power supply requirements, endurance, data 
retention, density, package pin count and types of us- 
able packages. Speed involves both read and write time 
impact on system performance. The erasing and pro- 
gramming method, e.g., pulse or algorithmic, affects the 
total time to change the system memory. Some devices 
require the system to be interactive with the device 
during writing, while other devices allow alternate sys- 
tem operations to be performed in parallel. 


The endurance capability, typically the number of pro- 
gram/erase cycles to meet a 1% AOQL guarantee, is 
normally much greater than the system update fre- 
quency requirement. Data retention of floating gate 
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devices is essentially infinite compared to alternates 
such as batteries or SNOS. The power supply voltage 
and power dissipation relate to circuit board design and 
the types of other components required, e.g., a 3 volt 
device may be more suitable for portable applications. 


' The number of transistors per memory cell relates 
directly to density and die size, thus cost. The die 
function and size also determine what package types 
and pin counts are suitable. 


Table 1. Application Comparisons . 
Update Ease of Density Cost/ Cost/ 
Application Frequency Write Range Bit Device | 
~ NVRAM Store or Very Easy 256 bit to 1K High High 
Power Down 


1—5/day 
1—2/year 








1—2/year 


Parallel Data, 

; Boot Program, 
Main Program, 
Configuration, 

Traceability 
Flash | Main Program, 

| Boot Program, 
Table 2. Performance Comparisons 


Data 
| NV 
Read Write 
Speed Speed 





2—6/year 
1—2/year 
1-2/year 
1—4/month 









5-10ms 
/address 


Serial 250 KHz to | 
| 2 MHz 


10-100 us 
/byte 


Flash | 150ns to 
250ns 





Power Down 








— a 


= 








Write 
Method 


NVRAM 200ns to 10ms Store 10,000 5V 100mw to 
100 KHz /device | Device 200mw 
Pulse: | 2,3, 5V —15mw 
Address 100,000 | 
Parallel 35ns to 1-10ms Pulse: | 10,000 3, 5V 100mw to 
250ns /byte,page Byte, Page 100,000 500mw 


Algorithmic 
Chip, Sector 


CONCLUSION 


Selection of a device for an NVM application is a compli- 
cated task. A number of floating gate reprogrammable 
nonvolatile memory devices exist, with a wide variety of 
features and performance, which further complicates 
the selection. This paper has summarized the status of 
existing devices, comparing critical features and perfor- 
mance to simplify the choice of the most appropriate 
device for a given application. 


“ 

















Power 


Supply 
Required 


Typical 
Power 
Dissipation 


Endurance 


5V or 150mw to 
100,000 5V & 12V 500mw 
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Features and Performance of Reprogrammable Nonvolatile Floating Gate Memories 
Table 3. Technology Comparisons 
Data Density Transistors | Package Package 
Retention Range | Per Cell & Pins Types! 
NVRAM | 10,000 >100 years 256 bit 9-13 8-18 SMT,TH,MOD 
to 1K 
Serial >100 years 256 bit 2 8-14 SMT,TH,MOD 
100,000 to 16K 
Parallel 10,000 >100 years 4K to 1M 2-6 24-44 SMT,TH,MOD 
100,000 
Flash >100 years | 64K to2M 1 28-44 SMT,TH,MOD 
100,000 


Notes 
1. SMT = Surface Mount Technology, TH = Through Hole, MOD = Module or Hybrid 
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Catalyst Die Products 


INTRODUCTION TO UNENCAPSULATED DIE 


This document provides the user with guidelines for 
processes, testing, and application issues associated 
with purchasing unencapsulated die or wafers. Product 
electrical specifications, functional descriptions, and 
bonding diagrams are not included. This information is 
available in the appropriate sections of the Catalyst Data 
Book or directly from Catalyst. 


The guide provides recommendations for die attach and 
wire bonding methods. Typicals for die thickness, top 
glassivation composition and thickness, and metalization 
composition and thickness are included. The Catalyst 
production flow is outlined herein showing the steps 
taken for each die or wafer shipment. In addition, appli- 
cation information covering some common issues en- 
countered when using die is provided. 


Properly packaged die and wafers will perform accord- 
ing to the parametric, AC, and DC parameters listed in 
the device data sheet. Procedures to demonstrate 
conformance to these specifications should be estab- 
lished contractually with Catalyst on an individual basis. 


STANDARD DIE SALES GUIDELINES 
Reliability Expectations: 
1. Endurance/Data Retention: 5% AOQL. 


2. Life Test: Same as packaged units; see reliability 
reports. 


Guarantees"): 


1. 1% AOQL for Visual per Standard Commercial 
Procedure for plated and inspected die. 


2. Packing/Shipping per “Packaging” Section, in ac- 
cordance with Catayst shipping specification 17001. 


Correlated Yields: 


1. Expect initial yields while doing correlation to be: 
A.=70% for high density devices (2 64K bits). 
B. ~90% for low density devices (< 16K bits). 


2. After correlation, yields should be: 
A. ~90% for high density devices (= 64K bits). 
B. ~95% for low density devices (< 16K bits). 
Notes: 
1) 1% AOQL for visual per MIL-STD-883, Method 2010, 


Condition B for plated and inspected die is available. Please 
contact Catalyst for price adder. 
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Test Modes: 


Catalyst uses control fuses for various built-in test modes 
and other functions within some devices. Exposure to 
UV light or misapplications of high voltages can erase or 
reprogram the fuses, causing loss of functionality. Con- 
trol fuses are used for redundancy repair to improve 
manufacturing yield and chip functions to reduce test 
time. Catalyst strongly recommends the use of control 
fuses. 


STANDARD DIE PACKAGING 


All die shipped by Catalyst will be packaged per the 
following: 


1. The die will be placed in a “waffle pack” with a 
cavity of proper size to restrain the die without 
causing damage and without allowing the die to 
change orientation. 


2. A lint-free paper insert is placed over the “waffle 
pack”. The waffle pack lid is placed on top and then 
secured with plastic locking clips. 


3. A set of waffle packs (as required) are stacked. 


4. A label with lot number, quantity, part number, and 
packing date is placed on the waffle pack. 


_ 5. Die do not require cleaning prior to assembly. 


STANDARD WAFER PACKAGING 


All wafers shipped by oan will be packaged per the 
following: 


1. Wafers will be separated by lint-free paper. 


2. Wafers will be packed in an appropriately sized 
shipping container to minimize movement. 


3. A label with lot number, quantity, part number, and 
packing date is placed on the shipping container. 


4. Catalyst procedure allows for shipping a Broken 
Wafer, if it is broken in not more than 3 parts. 
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GENERAL DIE or WAFER SPECIFICATIONS 


1. Thickness: 350 to 430 um (14 to 17 mils). | 3. Top Glassivation: Varies according to device and 
manufacturing location. Typically 1 um of SION 
Other thicknesses down to 280 um (11 mils) can (oxynitride). 
be accomplished. Please contact Catalyst for ad- a: | 
ditional information. 4. Metalization: Varies according to device and manu- 
| facturing location. Typically 1 um of AV/SI (99/1) or 
2. X-Y Dimensions: Per each device (contact Cata- Al/Si/Cu (98.5/1/.5). | 
lyst). Wafer diameter: 125 or 150 mm (5 or 6 
inches). 


SUGGESTED ASSEMBLY FLOW AND CONDITIONS 


OPERATION CONDITIONS 
HERMETIC PLASTIC - 


DOCUMENTATION CHECK. OPTIONAL 


VISUAL - 1% AOQL (SAMPLE) 
MECHANICAL/FUNCTIONAL - 2.5% AOQL 


HERMETIC: SILVER-GLASS WITH VENDOR-~ 
RECOMMENDED CURE PROFILE. 


PLASTIC: EPOXY WITH VENDOR RECOMMENDED 


CURE PROFILE. 
HERMETIC: 99%/1% AL/SI 1.25 MIL WIRE 
_ ULTRASONIC WEDGE BOND. 
PLASTIC: GOLD 1.3 MIL WIRE, 200°C 
THERMASONIC BALL BOND. 


MIL-STD-883, METHOD 2010, CONDITION B OR 
COMMERCIAL STANDARD 


HERMETIC: GLASS FRIT, PEAK TEMP < 430°C 
SOLDER SEAL, PEAK TEMP < 370°C 


PLASTIC: LOW STRESS MOISTURE RESISTANT 
MOLDING COMPOUND. 


TIMING, PARAMETRIC, FUNCTIONAL 





For additional questions, please contact your local Catalyst Sales Representative. 


Note: 


(1) Final electrical screen and test yield will vary with device type data sheet performance limits (i.e. access time, temperature range, Voc 
range and-use of redundancy). 


(2) For some devices, test yields may be improved by the use of rooundaney repair. Information on how to use redundancy repair is available 
from Catalyst. 


12-2 


: I]||CATALYST 


EMI CONDUCTOR 


Product Information 

I?C Bus Serial E27PROMs — 
Microwire Bus Serial E7PROMs 
SPI Bus Serial E7PROMs 
Secure Access Serial E7PROMs 
NVRAMs 

Flash Memories 

Parallel E7-PROMs 

Mixed Signal Products 
Application Notes 

Quality and Reliability 

Die Products 


General Information 





I||CATALYST 


SEMICONDUCTOR 


Contents 


Section 13 General Information 


PYOGUCE SCICCION Tae seceecc esl acoaicioddavennnes steal detaciuetetaatans i eiatecs hoa hei canntieceeGasnnduimoeaateean 1Oo| 
PG: Bus: Serial EAP ROMS acs ccs scars caiecca casacses seca iccsos voretnstweus Vena ceases aencntdy aieev easeneactd eee 13-1 
Microwite: Bus; Serial EeP ROMS iiccca rept cartes eeete ce sienierh ote cceespre eae tote Wawciaeebaamacninw tue aeeregntaanoemensgegess 13-9 
SPI Bus Setial EPROM S sees ccs casa ee acces eds cece ian eee fesse atau 13-15 
Secure Access celial E*PROMS siesta iter eis eae ae ae Sti ae 13-16 
IV TAINS i dsei rege a cat aetic de Dan rid cash aseaae eae ena part eet ctw saree sane asuers eucene naaees 13-16 
PTS TU IMICIIONIOS narod rect tesco ie eee cred saa tevsina gat cnc stein doa tua haca nausea daceeucerainsteoenp state smauet tan ucavenaesevse 13-17 
ParalleP E PROMS sisssenecncscctaczasesdveatoscenal uticsancnantayk cveuaeee totus ttinalatstecdppar deste aateanasunvvawdeocetevenscudatasensackes 13-20 
MUX SG SICA os evar ccuendectaee Se seecccenn sapudiesaa usd cataormea sau gecctaeale cee sccey bebe aceseeue iSecwtannees oaneceeuataan wedeteniees 13-25 

PACKAGING IMIOMMALOMN poustcaeneucais tren eatesent edeunetaate ns toiuat evanucanesnucy avecesaes nbs ceaaybavecescaapareecaetcoesatecnuended aes elas 13-27 
OG a etadptes aeueci dese cesieat next nas eectemteaever hese cmvatatdietdcdem ae tea con asus teen oentea tuancse tye taceesunan ees ements ne 13-27 
PS arate anne an at ba icietcnse esa ececa cee hae tedeaeeetae eae een ees arcs eaneeaae aea een sapretentenso ae 13-32 
POP, Geteeesgeatnceeacuiaitauccuces spipaclucaertvate detent cu atiads ob So tcoaucakccasap nce aoeatcbsuyiaueeeshaueuputem ante een er eeateeeeneeee 13-34 
MASE: IE cv raucaacep patentee eat cinta yeast eeu Nae gaua Wh as psec ents ele ctga ewbacsaes oailaehl Uetilalandeuenlbasedalenuaaadies 13-39 
CSOT csabahcrameivaicr sais um asitucnisienl uaaiintignuadicanetiiuvedaditier auntie uitncndoludslgsd ance atnia dmaeatantnacetenmduak diy dese isieuieavediwents dash taal 13-41 





I||/CATRLYST 


SEMICONDBUCTAR 


Product Selector Table 


Serial E7PROMs 
I2C Bus (Data Book Section 2) 


Part Lead | Dnsty Oprtg Toma. Special 
Number Count Vitg Range | Features 


















































































24C01P 400kHz 
24C01PI : 400kHz 
24C01P-2.7 8 100kHz 
24C01PI-2.7 8 100kHz 
24C01P-2.5 8 100kHz 
24C01PI-2.5 8 100kHz 
24C01P-1.8 8 100kHz 
24C01PI-1.8 8 100kHz 
24C01J 8 400kHz - 
24C01Jl 8 400kHz 
24C01J-2.7 8 100kHz 
24C01JI-2.7 8 100kHz 
24C01J-2.5 8 100kHz 
24C01JI-2.5 8 100kHz 
24C01J-1.8 8 100kHz 
24C01JI-1.8 8 100kHz 
24C01J14 400kHz 
24C01J141 400kHz 
24001J314-2.7 100kHz 
24C01J3141-2.7 100kHz 
24C01J314-2.5 100kHz 
24C01J141-2.5 100kHz 
24C01J314-1.8 100kHz 


24C01J141-1.8 100kHz 





































































24WC01P 8 400kHz C Write Protect 
24WCO01PI 8 400kHz | Write Protect 
24WC01P-2.7 8 100kHz C Write Protect 
24WCO01PI-2.7 8 100kHz | Write Protect 
24WC01P-2.5 8 100kHz C Write Protect 
24WC01PI-2.5 8 100kHz | Write Protect 
24WC01P-1.8 8 100kHz C Write Protect 
24WCO01PI-1.8 8 100kHz | Write Protect 
24WC01J 8 400kHz C Write Protect 
24WCO1 JI 8 400kHz | Write Protect 
24WC01J-2.7 8 100kHz C Write Protect 
24WC01JI-2.7 8 100kHz | Write Protect 
24WC01J-2.5 8 100kHz C Write Protect 
24WC01JI-2.5 8 100kHz | Write Protect 
24WC01J-1.8 8 100kHz C Write Protect 













Commercial = 0°C to +70°C 
Industrial = -40°C to +85°C 
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Product Selector Table 


Serial E2PROMs (cont.) 
IC Bus (Data Book Section 2) 


Part Lead | Dnsty Opritg Temp. Special 
Number Count Vitg Range | Features 


24WC01JI-1.8 100kHz Write Protect 
24WC01J14 400kHz Write Protect 
24WC01J14 400kHz Write Protect 
24WC01J14-2.7 100kHz Write Protect 
24WC01J141-2.7 100kHz Write Protect 
24WC01J14-2.5: 100kHz Write Protect 
24WC01J141-2.5 100kHz Write Protect 
24WC01J14-1.8 100kHz Write Protect 
24WC01J14I-1.8 100kHz 





























































24C02P 400kHz C 
24C02PI 400kHz | 
24C02P-2.7 100kHz C 
24C02PI-2.7 100kHz | 
24C02P-2.5 100kHz C 
24C02PI-2.5 100kHz | 
24C02P-1.8 100kHz C 
24C02PI-1.8 100kHz | 
24C02J 400kHz C 
24C02JI 400kHz 
24C02J-2.7 100kHz C 
24C02JI-2.7 100kHz | 
24C02J-2.5 100kHz C 
24C02JI-2.5 100kHz | 
24C02J-1.8 100kHz C 
24C02JI-1.8 100kHz | 
24002314 400kHz C 
24C02J14l 400kHz | 
24002J14-2.7 100kHz C 
24C02J141-2.7 100kHz | 
24002J14-2.5 100kHz C 
24C02J141-2.5 100kHz | 
24C02J14-1.8 100kHz C 
| 


24C02J14I-1.8 


100kHz 































Write Protect 



































24WC02P 400kHz C Write Protect 
24WCO02PI 400kHz | Write Protect 
24WC02P-2.7 100kHz C Write Protect 
24WCO02PI-2.7 100kHz | Write Protect 
24WC02P-2.5 100kHz C Write Protect 
24WCO02PI-2.5 100kHz | Write Protect 
24WCO02P-1.8 100kHz C Write Protect 
24WCO02PI-1.8 100kHz | Write Protect 
24WCO02J 400kHz C Write Protect 
24WCO02JI 400kHz | Write Protect 
24WC02J-2.7 100kHz C Write Protect 
24WCO2UJI-2.7 100kHz | Write Protect 
24WC02J-2.5 100kHz C Write Protect 
24WCO2JI-2.5 100kHz | Write Protect 
24WC02U-1.8 100kHz C Write Protect 
24WCO2JI-1.8 100kHz | Write Protect 
24WC02N14 400kHz C Write Protect 
24WC02J 14 400kHz | Write Protect 
24WC02J14-2.7 100kHz C Write Protect 
| 


24WC02J141-2.7 
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100kHz 








Write Protect 


Product Selector Table 


Serial E7PROMs (cont.) 
I2C Bus (Data Book Section 2) 


Part Lead | Dnsty | Oprtg Clock | Temp. Special 
Number Count Vitg Freq. — Features 


24WC02J14-2.5 
24WC02J141-2.5 
24WC02J14-1.8 
24WC02J141-1.8 


24C04P 
24C04PI 
24C04P-2.7 
24C04PI-2.7 
24C04P-2.5 
24C04PI-2.5 
24C04P-1.8 
24CO4PI-1.8 
24C04J 
24C04JI 
24C04J-2.7 
24C04JI-2.7 
24C04J-2.5 
24C04JI-2.5 
24C04J-1.8 
24C04JI-1.8 
24C04J14 
24C04J141 
24C04J14-2.7 
24C04J141-2.7 
24C04J14-2.5 
24C04J141-2.5 
24C04J14-1.8 
24C04J141-1.8 


24WC04P 
24WCO04PI 
24WC04P-2.7 
24WCO04PI-2.7 - 
24WC04P-2.5 
24WCO4PI-2.5 
24WC04P-1.8 
24WCO4PI-1.8 
24WC04J 
24WC04JI 
24WC04J-2.7 
24WC04JI-2.7 
24WC04J-2.5 
24WC04JI-2.5 
24WC04J-1.8 
24WCO04JI-1.8 


Oma Dono woodwwnwvnewona ad 
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100kHz 
100kHz 
100kHz 
100kHz 


400kKHz 
400kHz 
100kHz 
100kHz 
100kHz 
100kHz 
100kHz 
100kHz 
400kHz 
400kHz 
100kHz 
100kHz 
100kHz 
100kHz 
100kHz 
100kHz 
400kHz 
400kHz 
100kHz 
100kHz 
100kHz 
100kHz 
100kHz 
100kHz 


400kHz 
400kHz 
100kHz 
100kHz 
100kHz 
100kHz 
100kHz 
100kHz 
400kHz 
400kHz 
100kHz 
100kHz 
100kHz 
100kHz 
100kHz 
100kHz 


—-O-9O-9-90-0-0-0-0-0-0-0-0 


—-O-9O-0-0-0-0-0-0 


Write Protect 
Write Protect 
Write Protect 
Write Protect 


Write Protect 
Write Protect 
Write Protect 
Write Protect 
Write Protect 
Write Protect 
Write Protect 
Write Protect 
Write Protect 
Write Protect 
Write Protect 
Write Protect 
Write Protect 
Write Protect 
Write Protect 
Write Protect 





Commercial = 0°C to +70°C 


Industrial = 


—40°C to +85°C 








Product Selector Table 





Serial E2?PROMs (cont.) 
I2C Bus (Data Book Section 2) 


Part Lead | Dnsty | Oprtg Clock | Temp. Special 
Number Count Vitg Freq. = Features 


24WC04J)14 ao 400kHz Write Protect 










































24WC04J141 400kHz Write Protect 
24WC04J14-2.7 100kHz Write Protect 
24WC04J141-2.7 100kHz Write Protect 
24WC04J14-2.5 100kHz Write Protect 
24WC04J141-2.5 100kHz Write Protect 
24WC04J14-1.8 100kHz Write Protect 


24WC04J14I-1.8 100kHz Write Protect 




















24C08P 1024 X8 400kHz Cc 
24C08PI 1024 X8 400kHz | 
24C08P-2.7 1024 X8 100kHz C 
24C08PI-2.7 1024 X 8 100kHz | 
24C08P-2.5 1024 X 8 100kHz C 
24C08PI-2.5 1024 X8 100kKHz | 
24CO08P-1.8 1024 X8 100kHz Cc 
24C08PI-1.8 1024 X8 100kHz 
24C08J 1024 X8 400kHz C 
24C08JI 1024 X 8 400kHz | 
24C08U-2.7 1024 X 8 100kHz C 
24C08JI-2.7 1024 X8 100kHz | 
24C08J-2.5 1024 X8 100kHz ‘e 
24C08JI-2.5 1024 X 8 100kHz | 
24C08J-1.8 1024 X8 100kHz Cc 
24C08JI-1.8 1024 X8 100kHz | 
2400814 1024 X8 400kHz C 
24C08J14! 1024 X8 400kHz | 
24C08J14-2.7 1024 X8- 100kHz Cc 
24C08J141-2.7 1024 X8 100kHz 
24C08J14-2.5 1024 X8 100kHz C 
24C08J141-2.5 1024 X 8 100kHz | 
24C08J14-1.8 1024 X8 100kHz C 
24C08J141-1.8 1024 X8 ~100kHz | 

























































































24WCO08P 1024 X8 400kHz C Write Protect 
24WCOS8PI 1024 X8 400kHz | Write Protect 
24WCO8SP-2.7 1024 X8 100kHz C Write Protect 
24WCOSPI-2.7 1024 X8 100kHz | Write Protect 
24WCO8P-2.5 1024 X8 100kKHz C _ Write Protect 
24WCOSPI-2.5 1024 X8 100kHz | Write Protect 
24WCO8P-1.8 1024 X8 100kHz C Write Protect 
24WCOSPI-1.8 1024 X8 100kHz | Write Protect 
24WCO08J 1024 X8 400kHz C Write Protect 
24WCO8JI 1024 X8 400kHz | Write Protect 
24WC08V-2.7 1024 X8 100kHz C. Write Protect 
24WCO8JI-2.7 1024 X 8 100kHz | Write Protect 
24WC08J-2.5 1024 X8 100kHz C Write Protect 
24WCO8UJI-2.5 1024 X8 100kHz | | Write Protect 
24WC08U-1.8 1024 X 8 100kHz C Write Protect 
24WCOB8JI-1.8 1024 X 8 100kHz |. Write Protect 
24WC08J14 1024 X 8 400kHz C Write Protect 
24WC08J14I 1024 X 8 400kHz | Write Protect 
24WC08J14-2.7 1024 X 8 100kHz C Write Protect 
24WC08J141-2.7 1024 X8 100kHz | Write Protect 
24WC08J14-2.5 1024 X 8 100kHz C Write Protect 




















Product Selector Table 


Serial E7PROMs (cont.) 
I2C Bus (Data Book Section 2) 


Part Lead | Dnsty Oprtg Clock | Temp. Special 
Number Count Vitg Freq. Range Features 
| 


24WC08J141-2.5 1024 X 8 SOIC 14 8Kb Write Protect 
24WC08J14-1.8 Write Protect 
24WC08J141-1.8 Write Protect 

















1024 X 8 
1024 X 8 


C 
| 











24C16P 2048 X 8 400kHz C 
24C16PI 2048 X 8 400kHz | 
24C16P-2.7 2048 X 8 100kHz C 
24C16PI-2.7 2048 X 8 100kHz | 
24C16P-2.5 2048 X 8 100kHz C 
24C16PI-2.5 2048 X 8 100kHz | 
24C16P-1.8 2048 X 8 100kHz C 
24C16PI-1.8 2048 X 8 100kHz | 
24C16J 2048 X 8 400kHz C 
24C16J! 2048 X 8 400kHz | 
24C16J-2.7 2048 X 8 100kHz C 
24C16JI-2.7 2048 X 8 100kHz | 
24C16J-2.5 2048 X 8 100kHz C 
24C16Jl-2.5 2048 X 8 100kHz | 
24C16J-1.8 2048 X 8 100kHz C 
24C16JI-1.8 2048 X 8 100kHz | 
24016J14 2048 X 8 400kHz C 
24C016J14l 2048 X 8 400kHz | 
24016J14-2.7 2048 X 8 100kHz C 
24C016J141-2.7 2048 X 8 100kHz | 
24016J14-2.5 2048 X 8 100kHz C 
24016J141-2.5 2048 X 8 100kHz | 
24C016J14-1.8 2048 X 8 100kHz C 

| 


24C016J141-1.8 





24WC16P 2048 X 8 8 400kHz C Write Protect 
24WC16PI 2048 X 8 8 400kHz | Write Protect 
24WC16P-2.7 2048 X 8 8 100kHz C Write Protect 
24WC16PI-2.7 2048 X 8 8 100kHz | Write Protect — 
24WC16P-2.5 2048 X 8 8 100kHz C Write Protect 
24WC16PI-2.5 2048 X 8 8 100kHz | Write Protect 
24WC16P-1.8 2048 X 8 8 100kHz C Write Protect 
24WC16PI-1.8 2048 X 8 8 100kHz | Write Protect 
24WC16J 2048 X 8 8 400kHz C Write Protect 
24WC 16 2048 X 8 8 400kHz | Write Protect 
24WC16J-2.7 2048 X 8 8 100kHz C Write Protect 
24WC16JI-2.7 2048 X 8 8 100kHz | Write Protect 
24WC16J-2.5 2048 X 8 8 100kHz C Write Protect 
24WC16JI-2.5 2048 X 8 8 100kHz | Write Protect 
24WC16J-1.8 2048 X 8 8 100kHz C Write Protect 
24WC16JI-1.8 2048 X 8 8 100kHz | Write Protect 
24WC16J514 2048 X 8 14 400kHz C Write Protect 














2048 X 8 























































100kHz 























































Commercial = 0°C to +70°C 
Industrial = -40°C to +85°C 
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Product Selector Table 


Serial E7PROMs (cont.) 
lI2C Bus (Data Book Section 2) 


Part Lead | Dnsty | Oprtg Clock Temp. Special 
Number Count Vitg Freq. Range Features 


24WC16J141 2048 X 8 400kHz Write Protect - 



































































24WC16J14-2.7 2048 X 8 100kHz Write Protect — 
24WC16J141-2.7 2048 X 8 100kHz Write Protect 
24WC16J14-2.5 2048 X 8 100kHz Write Protect 
24WC16J141-2.5 2048 X 8 100kHz Write Protect 
24WC16J14-1.8 2048 X 8 100kHz Write Protect 


24WC16J141-1.8 2048 X 8 100kHz Write Protect 












































































24C32P 4096 X 8 5-5. 400kHz C 
24C32PI 4096 X 8 8 5-5. 400kHz . 
24C32P-2.7 4096 X 8 | 1-6. 100kHz C 
24C32PI-2.7 4096 X 8 7-6. 100kHz | 
24C32P-2.5 4096 X 8 5-6. 100kHz Cc. 
24C32PI-2.5 4096 X 8 5-6. 100kHz | 
24C32P-1.8 4096 X 8 8-6. 100kHz C 
24C32PI-1.8 4096 X 8 | 8-6. 100kHz | 
24C32J 4096 X 8 - . 5-5. 400kHz C 
24C032Jl 4096 X 8 1.5-5. 400kHz | 
24C32J-2.7 4096 X 8 7-6. 100kHz Cc 
24C32JI-2.7 4096 X 8 7-6. 100kHz | 
24C032J-2.5 4096 X 8 | 5-6. 100kHz C 
24C32JI-2.5 4096 X 8 5-6. 100kHz | 
24C32J-1.8 4096 X 8 8-6. 100kHz C 
24C32Jl-1.8 4096 X 8 .8-6.0 | 100kHz | 
24C32K 4096 X 8 5-5. 400kHz C 
24C32kKI 4096 X 8 | 5-5. 400kHz | 
24C32K-2.7 4096 X 8 .7-6.0 -| 100kHz C 
24C32KI-2.7 4096 X 8 | .7-6.0 | 100kHz | 
24C032K-2.5 4096 X 8 2.5-6. 100kHz C 
24C32KI-2.5 4096 X 8 5-6. 100kHz | 
24032K-1.8 4096 X 8 8-6. 100kHz C 
24C32KI-1.8 4096 X 8 8-6. 100kHz | 
24032J14 4096 X 8 0-5. 400kHz C 
24032J14I 4096 X 8 4,5-5. 400kHz | 
24032J14-2.7 4096 X 8 7-6. 100kHz C 
24032J141-2.7 4096 X 8 1-6. 100kHz | 
24032J14-2.5 4096 X 8 5-6. 100kHz C 
24C032J141-2.5 4096 X 8 5-6. 100kHz | 
24C032J314-1.8 4096 X 8 8-6. 100kHz C 
| 


24C032J14I-1.8 4096 X 8 8-6. 100kHz 





























































24WC32P 4096 X 8 400kHz C Write Protect 
24WC32PI - 4096 X 8 8 400kHz | Write Protect 
24WC32P-2.7 4096 X 8 8 100kHz C Write Protect 
24WC32PI-2.7 4096 X 8 8 100kHz | Write Protect 
24WC32P-2.5 4096 X 8 8 100kKHz C Write Protect 
24WC32PI-2.5 4096 X 8 8 100kHz | Write Protect 
24WC32P-1.8 4096 X 8 8 100kHz C Write Protect 
24WC32PI-1.8 4096 X 8 8 100kHz | Write Protect 
24WC32J 4096 X 8 8 400kHz C Write Protect 
24WC32 Jl . 4096 X 8 8 400kHz | Write Protect 
24WC32J-2.7 4096 X 8 8 100kHz C Write Protect 
24WC32JI-2.7 4096 X 8 8 100kKHz | Write Protect 
24WC32J-2.5 4096 X 8 8 100kHz C Write Protect 
24WC32JI-2.5 4096 X 8 8 100kHz | Write Protect 
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Product Selector Table 


Serial E7PROMs (cont.) 
I2C Bus (Data Book Section 2) 


Part Lead | Dnsty Oprtg Clock | Temp. Special 
Number Count Vitg Freq. Range Features 


24WC32J-1.8 
24WC32JI-1.8 
24WC32K 
24WC32KI 
24WC32K-2.7 
24WC32KI-2.7 
24WC32K-2.5 
24WC32KI-2.5 
24WC32K-1.8 
24WC32KI-1.8 
24WC32J)14 
24WC32J141 
24WC32J14-2.7 
24WC32J14I-2.7 
24WC32J14-2.5 
24WC32J141-2.5 
24WC32J14-1.8 
24WC32J14I-1.8 


24C64P 
24C64PI 
24C64P-2.7 


24C64PI-2.7 
24C64P-2.5 
24C64PI-2.5 
24C64P-1.8 
24C64PI-1.8 
24C64J 
24C64JI 
24C64J-2.7 
24C64JI-2.7 
24C64J-2.5 
24C64JI-2.5 
24C64J-1.8 
24C64JI-1.8 
24C64K 
24C64K I 
24C64K-2.7 
24C64KI-2.7 
24C64K-2.5 
24C64KI-2.5 
24C64K-1.8 
24C64KI-1.8 
24064514 
24C64J14 


4096 X 8 
4096 X 8 
4096 X 8 
4096 X 8 
4096 X 8 
4096 X 8 
4096 X 8 
4096 X 8 
4096 X 8 
4096 X 8 
4096 X 8 
4096 X 8 
4096 X 8 
4096 X 8 
4096 X 8 
4096 X 8 
4096 X 8 
4096 X 8 


8192 X8 
8192 X8 
8192 X 8 
8192 X8 
8192 X8 
8192 X8 
8192 X8 
8192 X8 
8192 X8 
8192 X8 
8192 X8 
8192 X8 
8192 X 8 
8192 X 8 


8192 X 8. 


8192 X 8 
8192 X 8 
8192 X8 
8192 X8 
8192 X 8 
8192 X8 
8192 X 8 
8192 X 8 
8192 X8 
8192 X 8 
8192 X 8 
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100kKHz 
100kHz 
400kHz 
400kHz 
100kHz 
100kKHz 
100kHz 
100kHz 
100kHz 
100kHz 
400kHz 
400kHz 
100kHz 
100kHz 
100kHz 
100kHz 
100kHz 
100kHz 


400kHz 
400kHz 
100kHz 
100kHz 
100kHz 
100kHz 
100kHz 
100kHz 
400kHz 
400kHz 
100kHz 
100kKHz 
100kHz 
100kHz 
100kHz 
100kHz 
400kHz 
400kHz 
100kHz 
100kHz 
100kHz 
100kHz 
100kHz 
100kKHz 
400kHz 
400kHz 


—-O-9-90-0O-90-0-0-0-0 


—-O-9O-0-0-0-0-0-0-0-0-0-0-0 


Write Protect 
Write Protect 
Write Protect 
Write Protect 
Write Protect 
Write Protect 
Write Protect 
Write Protect 
Write Protect 
Write Protect 
Write Protect 
Write Protect 
Write Protect 
Write Protect 
Write Protect 
Write Protect 
Write Protect 
Write Protect 





Commercial = 0°C to +70°C 


Industrial 


= —40°C to +85°C 








Product Selector Table 





Serial E2?PROMs (cont.) 
I2C Bus (Data Book Section 2) 


Part Lead | Dnsty Oprtg Clock Temp. Special 
Number Count Vitg Freq. ae Features 














24C64J14-2.7 
24C64J141-2.7 
24C64J14-2.5 
24C64J141-2.5 
_ 24C64J14-1.8 

24C64J141-1.8 


24WC64J141-1.8 








8192 X8 
8192 X8 
8192 X8 
8192 X8 
8192 X8 
8192 X 8 


8192 X8 


64Kb 


13-8 












1.8-6.0 





100kHz 
100kHz 
100kHz 
100kHz 
100kHz 
100kHz 


100kHz 
















































































24WC64P 8192 X8 64Kb 4.5-5.5 400kHz C Write Protect 
24WC64PI 8192 X8 64Kb 4.5-5.5 400kHz | Write Protect 
24WC64P-2.7 8192 X8 64Kb 2.7-6.0 100kHz C Write Protect 
24WC64PI-2.7 8192 X8 64Kb 2.7-6.0 100kHz I Write Protect 
24WC64P-2.5 8192 X8 64Kb 2.5-6.0 100kHz C Write Protect 
24WCG64PI-2.5 8192 X 8 | 64Kb 2.5-6.0 100kHz | Write Protect 
24WC64P-1.8 . 8192 X8 64Kb 1.8-6.0 100kHz C Write Protect 
24WC64PI-1.8 8192 X8 64Kb 1.8-6.0 100kHz | Write Protect 
24WC64J 8192 X8 64Kb 4.5-5.5 400kHz - C Write Protect 
24WC64JI 8192 X8 64Kb | 4.5-5.5 | 400kHz | Write Protect 
24WCE64J-2.7 8192 X8 64Kb 2.7-6.0 100kHz C Write Protect 
24WCE64JI-2.7 8192 X8 64Kb 2.7-6.0 100kHz | Write Protect 
24WC64J-2.5 8192 X8 64Kb 2.5-6.0 100kHz C Write Protect 
24WC64JI-2.5 8192 X8 64Kb 2.5-6.0 100kHz | Write Protect 
24WC64J-1.8 8192 X8. 64Kb 1.8-6.0 100kHz C Write Protect 
24WC64JI-1.8 8192 X8 64Kb 1.8-6.0 100kHz | Write Protect 

—24WC64K 8192 X8 64Kb 4.5-5.5 400kHz C Write Protect 
24WC64KI 8192 X8 64Kb 4.5-5.5 400kHz | Write Protect 
24WCE64K-2.7 8192 X8 64Kb 2.7-6.0 100kHz C Write Protect ~ 
24WCE4KI-2.7 8192 X8 64Kb 2.7-6.0 100kHz | Write Protect 
24WC64K-2.5 8192 X8 ~ 64Kb 2.5-6.0 100kHz C Write Protect 
24WCE64KI-2.5 8192 X8 64Kb 2.5-6.0 100kHz | Write Protect 
24WC64K-1.8 8192 X8 64Kb 1.8-6.0 100kHz C Write Protect 
24WCG64KI-1.8 8192 X8 64Kb 1.8-6.0 100kHz | Write Protect 
24WC64J14 8192 X8 64Kb 4.5-5.5 400kHz C Write Protect 
24WC64J14 8192 X8 64Kb 4.5-5.5 400kHz | Write Protect 
24WC64J14-2.7 8192 X8 64Kb 2.7-6.0 100kHz C Write Protect — 
24WC64J141-2.7 8192 X8 64Kb 2.7-6.0 100kHz | Write Protect 
24WC64J14-2.5 8192 X8 64Kb 2.5-6.0 100kKHz C Write Protect 
24WC64J141-2.5 8192 X8 64Kb 2.5-6.0 100kHz | Write Protect 
24WC64J14-1.8 8192 X8 64Kb 1.8-6.0 100kHz C Write Protect 

| 


Write Protect 


Product Selector Table 


Serial E7PROMs 
Microwire Bus (Data Book Section 3) 


Part Lead | Dnsty Oprtg | Clock | Temp.| Special 
Number Count Vitg Freq. eo Features 


93C46P 64X16 / 128X 8 4.5-5.5 

93C46PI 64X16 / 128X'8 : 4.5-5.5 

93C46J 64X16 / 128X 8 8 4.5-5.5 C 

93C46JI 64X16 / 128X 8 8 4.5-5.5 | 

93C46K 64X16 / 128X 8 8 4.5-5.5 C 

93C46KI 64X16 / 128X 8 8 4.5-5.5 | 

93C46S 64X16 / 128X 8 8 4.5-5.5 C 

93C46SI 64X16 / 128X 8 8 4.5-5.5 | 

93C46AP 64X16 8 4.5-5.5 C No ORG Pin 
93C46API 64X16 8 4.5-5.5 | No ORG Pin 
93C46AJ © 64X16 8 4.5-5.5 C No ORG Pin 
93C46AJI 64X16 8 4.5-5.5 | No ORG Pin 
93C46AK 64X16 8 4.5-5.5 C No ORG Pin 
93C46AKI 64X16 8 4.5-5.5 | No ORG Pin 
93C46AS 64X16 8 4.5-5.5 C No ORG Pin 
93C46ASI 64X16 8 4.5-5.5 | No ORG Pin 
93C46P-2.7 64X16 / 128X 8 8 2.7-6.0 c 

93C46PI-2.7 64X16 / 128X 8 8 2.7-6.0 | 

93C46J-2.7 64X16 / 128X 8 8 2.7-6.0 C 

93C46JI-2.7 64X16 / 128X 8 8 2.7-6.0 | 

93C46K-2.7 64X16 / 128X 8 8 2.7-6.0 C 

93C46KI-2.7 64X16 / 128X 8 8 2.7-6.0 | 

93C46S-2.7 64X16 / 128X 8 8 2.7-6.0 C 

93C46SI-2.7 64X16 / 128X 8 8 2.7-6.0 | 

93C46AP-2.7 64X16 8 2.7-6.0 C No ORG Pin 
93C46API-2.7 64X16 8 2.7-6.0 | No ORG Pin 
93C46AJ-2.7 64X16 8 2.7-6.0 C No ORG Pin 
93C46AJI-2.7 64X16 8 2.7-6.0 | No ORG Pin 
93C46AK-2.7 64X16 8 2.7-6.0 C No ORG Pin 
93C46AKI-2.7 64X16 8 2.7-6.0 | - No ORG Pin 
93C46AS-2.7 64X16 8 2.7-6.0 C No ORG Pin 
93C46ASI-2.7 64X16 8 2.7-6.0 | No ORG Pin 
93C46P-2.5 64X16 / 128X 8 8 2.5-6.0 C 

93C46PI-2.5 64X16 / 128X 8 8 2.5-6.0 | 

93C46J-2.5 64X16 / 128X 8 8 2.5-6.0 C 

93C46JI-2.5 64X16 / 128X 8 8 2.5-6.0 | 

93C46K-2.5 64X16 / 128X 8 8 2.5-6.0 C 

93C46KI-2.5 64X16 / 128X 8 8 2.5-6.0 | 

93C46S-2.5 64X16 / 128X 8 8 2.5-6.0 C 

93C46SI-2.5 64X16 / 128X 8 8 2.5-6.0 | 

93C46AP-2.5 64X16 8 2.5-6.0 C No ORG Pin 
93C46API-2.5 64X16 8 2.5-6.0 | No ORG Pin 
93C46AJ-2.5 64X16 8 2.5-6.0 C No ORG Pin 
93C46AJI-2.5 64X16 8 2.5-6.0 | No ORG Pin 
93C46AK-2.5 64X16 8 2.5-6.0 C No ORG Pin 
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Commercial = 0°C to +70°C 


Industrial 





= —40°C to +85°C 


Product Selector Table 





Serial E27PROMs (cont.) 


Microwire Bus (Data Book Section 3) | 


Part Lead | Dnsty | Oprtg |Clock | Temp.; Special 
‘Number Count Vitg Freq. nenee Features 



































































































































































































93C46AKI-2.5 64X16 No ORG Pin 
93C46AS-2.5 64X16 No ORG Pin 
93C46ASI-2.5 64X16 ; No ORG Pin 
93C46P-1.8 64X16 / 128X 8 8 
93C46PI-1.8 64X16 / 128X 8 8 
93C46J-1.8. 64X16 / 128X 8 8 
93C46JI-1.8 64X16 / 128X 8 8 
93C46K-1.8 64X16 / 128X 8 8 
93C46KI-1.8 64X16 / 128X 8 8 
93C46S-1.8 64X16 / 128X 8 —6«B 
93C46SI-1.8 64X16 / 128X 8 8 
93C46AP-1.8 64X16 8 No ORG Pin 
93C46API-1.8 64X16 8 No ORG Pin 
93C46Au-1.8 64X16 8 No ORG Pin 
93C46AUI-1.8 64X16 8 No ORG Pin 
93C46AK-1.8 64X16 8 No ORG Pin 
93C46AKI-1.8 64X16 | 8 No ORG Pin 
93C46AS-1.8 64X16 8 No ORG Pin 
93C46ASI-1.8 64X16 8 No ORG Pin 
93C56P 128X16 / 256X 8 8 
93C56PI 128X16 / 256X 8 8 

93C56J 128X16 / 256X 8 8 
93C56u! 128X16 / 256X 8 8 
93C56K 128X16 / 256X 8 8 
93C56K I ° 128X16 / 256X 8 8 
93C56S 128X16 / 256X 8 8 
93C56SI 128X16 / 256X 8 8 
93C56AP — 128X16 8 No ORG Pin 
93C56API 128X16 8 No ORG Pin 
93C56AJ 128X16 8 No ORG Pin 
93C56AuI 128X16 8 No ORG Pin 
93C56AK 128X16 8 No ORG Pin 
93C56AKI 128X16 8 No ORG Pin 
93C56AS 128X16 8 No ORG Pin 
93C56ASI 128X16 8 No ORG Pin 
93C56P-2.7 . 128X16 / 256X 8 8 
93C56PI-2.7 128X16 / 256X 8 8 
93C56J-2.7 128X16 / 256X 8 8 
93C56JI-2.7 128X16 / 256X 8 8 
93C56K-2.7 128X16 / 256X 8 8 
93C56KI-2.7 | 128X16 / 256X 8 —«=8 
93C56S-2.7 128X16 / 256X 8 8 
93C56SI-2.7. 128X16 / 256X 8 8 
93C56AP-2.7 128X16 8 No ORG Pin 
93C56API-2.7 128X16 8 No ORG Pin 
93C56AJ-2.7 128X16 8 No ORG Pin 
93C56AUJI-2.7 128X16 8 No ORG Pin 
93C56AK-2.7 128X16 8 No ORG Pin 
93C56AKI-2.7 128X16 8 No ORG Pin 
93C56AS-2.7 128X16 8 No ORG Pin 
93C56ASI-2.7 128X16 8 No ORG Pin 
93C56P-2.5 128X16 / 256X 8 8 
93C56PI-2.5 128X16 / 256X 8 8 
93C56J-2.5 128X16 / 256X 8 8 
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Serial E7PROMs (cont.) 


Microwire Bus (Data Book Section 3) 


Part Lead | Dnsty Oprtg Temp. | Special 
Number Count Vitg Range| Features 


93C56JI-2.5 
93C56K-2.5 
93C56KI-2.5 
93C56S-2.5 
93C56SI-2.5 
93C56AP-2.5 
93C56API-2.5 
93C56AJ-2.5 
93C56AJI-2.5 
93C56AK-2.5 
93C56AKI-2.5 
93C56AS-2.5 
93C56ASI-2.5 
93C56P-1.8 
93C56PI-1.8 
93C56J-1.8 
93C56JI-1.8 
93C56K-1.8 
93C56KI-1.8 
93C56S-1.8 
93C56SI-1.8 
93C56AP-1.8 
93C56API-1.8 


93C56AJ-1.8 
93C56AUI-1.8 
93C56AK-1.8 
93C56AKI-1.8 
93C56AS-1.8 
93C56ASI-1.8 


93C57P 
93C57PI 
93C57J 
93C57Jl 
93C57K 
93C57KI 
93C57S 
93C57SI 
93C57P-2.7 
93C57PI-2.7 
93C57J-2.7 
93C57JI-2.7 
93C57K-2.7 
93C57KI-2.7 
93C57S-2.7 
93C57SI-2.7 


128X16 / 256X 8 
128X16 / 256X 8 
128X16 / 256X 8 
128X16 / 256X 8 
128X16 / 256X 8 
128X16 
128X16 
128X16 
128X16 
128X16 
128X16 
128X16 
128X16 


128X16 / 256X 8 


128X16 / 256X 8 
128X16 / 256X 8 
128X16 / 256X 8 
128X16 / 256X 8 
128X16 / 256X 8 
128X16 / 256X 8 
128X16 / 256X 8 
128X16 
128X16 
128X16 
128X16 
128X16 
128X16 
128X16 
128X16 


128X16 / 256X8 
128X16 / 256X8 
128X16 / 256X8 
128X16 / 256X8 
128X16 / 256X8 
128X16 / 256X8 
128X16 / 256X8 
128X16 / 256X8 
128X16 / 256X8 
128X16 / 256X8 
128X16 / 256X8 
128X16 / 256X8 
128X16 / 256X8 
128X16 / 256X8 
128X16 / 256X8 
128X16 / 256X8 
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-O-9O-90-0-90-0-0-0|-~90-9-0-0-0-0-0-0-0-0-0-0-0-0- 


Product Selector Table 





No ORG Pin 
No ORG Pin 
No ORG Pin 
No ORG Pin 
No ORG Pin 
No ORG Pin 
No ORG Pin 
No ORG Pin 


No ORG Pin 


~ No ORG Pin 


No ORG Pin 
No ORG Pin 
No ORG Pin 
No ORG Pin 
No ORG Pin 
No ORG Pin 





Commercial = 0°C to +70°C 


industrial 





= —40°C to +85°C 








Product Selector Table 





Serial E7PROMSs (cont.) 


Microwire Bus aes Book Section 3) 


Part Lead | Dnsty Oprtg |Clock | Temp.| Special 
Number Count Vitg Freq. Range| Features 


93C57P-2.5 
93C57PI-2.5 
93C57J-2.5 
93C57Jl-2.5 
93C57K-2.5 
93C57KI-2.5 
93C57S-2.5 
93C57S]1-2.5 
93C57P-1.8 
93C57PI-1.8 
93C57J-1.8 
93C57JI-1.8 
93C57K-1.8 
93C57KI-1.8 
93C57S-1.8 
93C57SI-1.8 


93C66P 
93C66PI 
93C66J 
93C66UI 
93C66K 
93C66KI 
93C66S 
93C66SI 
93C66AP 
93C66API 
93C66AU | 
93C66AUI 
93C66AK 
93C66AKI 
93C66AS 
93C66ASI 
93C66P-2.7 
93C66PI-2.7 
93C66J-2.7 
93C66UJI-2.7 
93C66K-2.7 
93C66KI-2.7 
93C66S-2.7 
93C66SI-2.7 



















































93C66AJ-2.7 
93CE66AUJI-2.7 
93CE66AK-2.7 


93C66AS-2.7 


93C66P-2.5 
93C66PI-2.5 
93C66J-2.5 
93C66JI-2.5 
93C66K-2.5 
93CE6KI-2.5 





Q3C66AP-2.7 
93C66API-2.7 


93CE66AKI-2.7 


93C66ASI-2.7 


128X16 / 256X8 
128X16 / 256X8 
128X16 / 256X8 
128X16 / 256X8 
128X16 / 256X8 
128X16 / 256X8 
128X16 / 256X8 
128X16 / 256X8 
128X16 / 256X8 
128X16 / 256X8 
128X16 / 256X8 
128X176 / 256X8 
128X16 / 256X8 
128X16 / 256X8 
128X16 / 256X8 
128X16 / 256X8 


256X16 /512X 8 
256X16 /512X 8 
256X16 /512X 8 
256X16 /512X 8 
256X16 /512X 8 
256X16 /512X 8 
256X16 / 512X 8 
256X16 /512X 8 
256X16 
256X16 
256X16 
256X16 
256X16 
256X16 
256X16 
256X16 
256X16 /512X 8 
256X16 /512X 8 
256X16 /512X 8 
256X16 / 512X 8 
256X16 /512X 8 
256X16 /512X 8 
256X16 /512X 8 
256X16 / 512X 8 
256X16 
256X16 
256X16 
256X16 
256X16 
256X16 
256X16 
256X16 
256X16 /512X 8 
256X16/512X8 
256X16 /512X 8 
256X16 /'512X 8 
256X16/512X8 
256X16 /512X 8 
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—-9O-90-90-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0|-90-0-0-0-0-0-0-90 






















No ORG Pin 
No ORG Pin 
No ORG Pin 
No ORG Pin 
No ORG Pin 
No ORG Pin 
No ORG Pin 
No ORG Pin 


No ORG Pin 
No ORG Pin 
No ORG Pin 
No ORG Pin 
No ORG Pin 
No ORG Pin 
No ORG Pin 
No ORG Pin 








Product Selector Table 





Serial E7PROMs (cont.) 
Microwire Bus (Data Book Section 3) 


Part Lead | Dnsty Oprtg {Clock | Temp.; Special 
Number Count Vitg Freq. Range| Features 


93C66S-2.5 
93C66SI-2.5 
93C66AP-2.5 
93C66API-2.5 
93C66AJ-2.5 
93C66AUJI-2.5 
93C66AK-2.5 
93C66AKI-2.5 
93C66AS-2.5 
93C66ASI-2.5 
93C66P-1.8 
93C66PI-1.8 
93C66J-1.8 


— 93C66UJI-1.8 


93C66K-1.8 
93C66KI-1.8 
93C66S-1.8 
93C66SI-1.8 
93C66AP-1.8 
93C66API-1.8 
93C66AJ-1.8 
93C66AUI-1.8 
93C66AK-1.8 
93C66AKI-1.8 
93C66AS-1.8 
93C66ASI-1.8 


93C86P 
93C86PI 
93C86J 
93C86JI 
93C86K 
93C86KI 
93C86S 
93C86SI 
93C86AP 
93C86API 
93C86AJ 
93C86AJI 
93C86AK 
93C86AKI 
93C86AS 
93C86ASI 
93C86P-2.7 
93C86PI-2.7 
93C86J-2.7 


256X16 / 512X 8 
256X16 / 512X 8 
256X16 
256X16 
256X16 
256X16 
256X16 
256X16 
256X16 
256X16 
256X16 / 512X 8 
256X16 /512X 8 
256X16 / 512X 8 
256X16 /512X 8 
256X16 / 512X 8 
256X16 /512X 8 
256X16 / 512X 8 
256X16 / 512X 8 
256X16 
256X16 
256X16 
256X16 
256X16 
256X16 
256X16 
256X16 


1024X16 / 2048X 8 
1024X16 / 2048X 8 


1024X16 / 2048X 8 
1024X16 
1024X16 
1024X16 
1024X16 
1024X16 
1024X16 
1024X16 
1024X16 

1024X16 / 2048X 8 

1024X16 / 2048X 8 

1024X16 / 2048X 8 


WWHODDWDDAADWMAWA AAW A DAMA AWA Wi WDDAWMWA DMDADDAMDADMANDMDDAAWDWDAWAADAA WW OO 
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No ORG Pin 
No ORG Pin 
No ORG Pin 
No ORG Pin 
No ORG Pin — 
No ORG Pin 
No ORG Pin 
No ORG Pin 


No ORG Pin 
No ORG Pin 
No ORG Pin 
No ORG Pin 
No ORG Pin 
No ORG Pin 
No ORG Pin 
No ORG Pin 


No ORG Pin 
No ORG Pin 
No ORG Pin 
No ORG Pin 
No ORG Pin 
No ORG Pin © 
No ORG Pin 
No ORG Pin 





Commercial = 0°C to +70°C 


Industrial 


= —40°C to +85°C 








Product Selector Table 





- Serial E7PROMs (cont.) 


Microwire Bus (Data Book Section 3) 


Part Lead | Dnsty | Oprtg {Clock | Temp.| Special 
Number Count Vitg Freq. Range; Features 


13-14 


93C86JI-2.7 1024X16 / 2048X 8 | 
93C86K-2.7 1024X16 / 2048X 8 : C 
93C86KI-2.7 1024X16 / 2048X 8 8 | 
93C86S-2.7 1024X16 / 2048X 8 8 C 
93C86SI-2.7 1024X16 / 2048X 8 8 | 
93C86AP-2.7 1024X16 8 C No ORG Pin 
93C86API-2.7 1024X16_ 8 | No ORG Pin 
93C86AJ-2.7 1024X16 8 C No ORG Pin 
93C86AuUI-2.7 1024X16 8 | No ORG Pin 
93C86AK-2.7 1024X16 8 C No ORG Pin 
93C86AKI-2.7 1024X16 8 | No ORG Pin 
93C86AS-2.7 1024X16 8 C No ORG Pin 
93C86ASI-2.7 1024X16 8 | No ORG Pin 
93C86P-2.5 1024X16 / 2048X 8 8 C 
93C86PI-2.5 1024X16 / 2048X 8 8 | 

— 938C86U-2.5 1024X16 / 2048X 8 8 C 
93C86JI-2.5 1024X16 / 2048X 8 8 | 
93C86K-2.5 1024X16 / 2048X 8 8 C 
93C86KI-2.5 — 11024X16 / 2048X 8 8 | 
93C86S-2.5 1024X16 / 2048X 8 8 C 
93C86SI-2.5 1024X16 / 2048X 8 8 | 
93C86AP-2.5 1024X16 8 C No ORG Pin 
93C86API-2.5 1024X16 8 | No ORG Pin 
93C86AJ-2.5 1024X16 8 Cc No ORG Pin 
93C86AUI-2.5 1024X16 8 | No ORG Pin 
93C86AK-2.5 1024X16 8 C No ORG Pin 
93C86AKI-2.5 1024X16 8 | No ORG Pin 
93C86AS-2.5 1024X16 8 Cc No ORG Pin 
93C86ASI-2.5 1024X16 ~—68 | No ORG Pin 
93C86P-1.8 1024X16 / 2048X 8 8 C 
93C86PI-1.8 1024X16 / 2048X 8 8 | 
93C86J-1.8 | 1024X16 / 2048X 8 8 C 
93C86JI-1.8 1024X16 / 2048X 8 8 | 
93C86K-1.8 1024X16 / 2048X 8 8 Cc 
93C86KI-1.8 | 1024X16 / 2048X 8 8 | 
93C86S-1.8 | 1024X16 / 2048X 8 8 Cc 
93C86SI-1.8 1024X16 / 2048X 8 8 | 
93C86AP-1.8 1024X16 8 C No ORG Pin 
93C86API-1.8 -1024X16 8 | No ORG Pin 
93C86AJ-1.8 ~ 1024X16 8 C. No ORG Pin 
93C86AUI-1.8 1024X16 8 | No ORG Pin 
93C86AK-1.8 1024X16 8 C No ORG Pin 
93C86AKI-1.8 1024X16 8 | No ORG Pin 
93C86AS-1.8 1024X16 8 C No ORG Pin 
93C86ASI-1.8 1024X16 8 | No ORG Pin 





Product Selector Table 


Serial E7PROMs 
SPI Bus (Data Book Section 4) 


Part Lead | Dnsty Oprtg | Clock 
Number Count Vitg Freq. 
8 


64LC10P 


Temp. 
Range 





Special 
Features 





64LC10PI 
64LC10P-2.5 
64LC10PI-2.5 
64LC10J 
64LC10uI 
64LC10J-2.5 
64LC10JI-2.5 
64LC10S 
64LC10SI 
64LC10S-2.5 
64LC10SI-2.5 


64LC20P 
64LC20PI 
64LC20P-2.5 
64LC20PI-2.5 
64LC20J 
64LC20JI! 
64LC20J-2.5 
64LC20JI-2.5 
64LC20S 
64LC20SI 
64LC20S-2.5 
64LC20SI-2.5 


64LC40P 
64LC40PI 
64LC40P-2.5 


64LC40PI-2.5. 


64LC40J 
64LC40JI! 
64LC40J-2.5 
64LC40JI-2.5 
64LC40S 
64LC40SI 
64LC40S-2.5 
64LC40SI-2.5 


128 X 16 
128 X 16 
128 X 16 
128 X 16 
128 X 16 
128 X 16 
128 X 16 
128 X 16 
128 X 16 
128 X 16 
128 X 16 
128 X 16 


256 X 16 
256 X 16 
256 X 16 
256 X 16 
256 X 16 
256 X 16 
256 X 16 
256 X 16 
256 X 16 
256 X 16 
256 X 16 
256 X 16 


MHM ODM MOA DDMA DW MA DAD DMA DAWA MDMAAWINDADWDAADWDAAA © 
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Commercial = 0°C to +70°C 
Industrial = —40°C to +85°C 








Product Selector Table 


Serial E7PROMs 
Secure Access (Data Book Section 5) 


Temp. | Speciai 
Range; Features 





35C704P 
35C704PI 
35C704J 

35C704JI 


33C704P 
33C704PI 
33C704J 

33C704JI 


35C804AP 
35C804AP!I 
35C804AJ 

35C804AJI 


33C804AP 
33C804API 
33C804AJ 

33C804AJI 


NVRAMs 
(Data Book Section 6) 


22C10P-20 
22C10PI-20 
22C10J-20 

22C10JI-20 
22C10P-30 
22C10PI-30 
22C10J-30 


22C10JI-30 


24C44P 
24C44PI| 
240445 
24C44S| 


256 X 16/512 X 8° 


256 X 16/512 X 8 
256 X 16/512 X8 
256 X 16/512 X8 


256 X 16/512 X 8 
256 X 16/512 X 8 
256 X 16/512 X 8 
256 X 16/512 X 8 


256 X 16/512 X8 
256 X 16/512 X8 
256 X 16/512 X 8 
256 X 16/512 X8 


256 X 16/512 X 8 
256 X 16/512 X 8 
256 X 16/512 X 8 
256 X 16/512 X 8 
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Cc 
| 
Cc 
| 
Cc 
| 

C 
C 
| 
C 
I 
C 
| 
C 
I 





Temp. | Special 
Range | Features 





Product Selector Table 


Flash Memories 
(Data Book Section 7) 


Part Lead | Dnsty | Oprtg | Access| Clock | Temp. | Special 
Number Count Vitg Time Freq. ae Features 


28F512P-90 
28F512PI-90 
28F512P-12 
28F512PI-12 
28F512P-15 
28F512PI-15 
28F512N-90 
28F512NI-90 
28F512N-12 
28F512NI-12 
28F512N-15 
28F512NI-15 
28F512T-90 
28F512T1-90 
28F512T-12 
28F512TI-12 
28F512T-15 
28F512TI-15 
28F512T 14-90 
28F512T 141-90 
28F512T 14-12 
28F512T14l-12 
28F512T14-15 
28F512T 141-15 
28F512TR-90 
28F512TRI-90 
28F512TR-12 
28F512TRI-12 
28F512TR-15 
28F512TRI-15 


28F010P-90 
28F010PI-90 
28F010P-12 
28F010PI-12 
28F010P-15 
28F010PI-15 
28F010N-90 
28F010NI-90 
28F010N-12 
28F010NI-12 
28F010N-15 
28F010NI-15 
28F010T-90 
28F010TI-90 
28F010T-12 
28F010TI-12 
28F010T-15 


128K X 8 
128K X 8 
128K X 8 
128K X 8 
128K X 8 
128K X 8 
128K X 8 
128K X 8 
128K X 8 
128K X 8 
128K X 8 
128K X 8 
128K X 8 
128K X 8 
128K X 8 
128K X 8 
128K X 8 
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—-O-O-0-0-0-0-0-0-0-0-0-0-0-0-0 


CO) Oe) a Oe 


Reverse Pin-out 
Reverse Pin-out 
Reverse Pin-out 
Reverse Pin-out 
Reverse Pin-out 
Reverse Pin-out 





Commercial = 0°C to +70°C 


Industrial 


= —40°C to +85°C 











Product Selector Table 





Flash Memories (cont.) 


(Data Book Section 7) 


Part Lead |Dnsty Oprtg | Access Tanip: Special 
Number Count Vitg Time Range| Features 













28F010TI-15 
28F010T14-90 
28F010T141-90 
28F0107T14-12 
28F010T14I-12 
28F010T14-15 
28F010T14I-15 
28F010TR-90 
28F010TRI-90 
28F010TR-12 
28FO010TRI-12 
28F010TR-15 
28F010TRI-15 


28F020P-12 
28F020PI-12 
28F020P-15 
28F020PI-15 
28F020P-20 
28F020PI-20 
28F020N-12 
28FO20NI-12 
28F020N-15 
28FO20NI-15 
28F020N-20 
28FO20NI-20 
28F020T-12 
28F020TI-12 
28F020T-15 
28FO20TI-15 
28F020T-20 
28F020TI-20 
28F020TR-12 
28FO20TRI-12 
28F020TR-15 
28FO20TRI-15 
28F020TR-20 
28FO20TRI-20 


28F102P-90 
28F 102PI-90 
28F102P-12 
28F102PI-12 
28F102P-15 
28F102PI-15 
28F102N-90 
28F 102NI-90 
28F102N-12 
28F102NI-12 
28F102N-15 
28F102NI-15 
28F102T-90 
28F 102TI-90 
28F102T-12 



















































128K X 8 
128K X 8 
128K X 8 
128K X 8 
128K X 8 
128K X 8 
128K X 8 
128K X 8 
128K X 8 
128K X 8 
128K X 8 
128K X 8 
128K X 8 


256K X 8 


256K X 8 


256K X 8 
256K X 8 
256K X 8 
256K X 8 
256K X 8 
256K X 8 
256K X 8 
256K X 8 
256K X 8 
256K X 8 
256K X 8 
256K X 8 
256K X 8 
256K X 8 
256K X 8 


256K X 8 


256K X 8 
256K X 8 
256K X 8 
256K X 8 
256K X 8 
256K X 8 


64K X 16 
64K X 16 
64K X 16 
64K X 16 
64K X 16 
64K X 16 
64K X 16 
64K X 16 
64K X 16 
64K X 16 
64K X 16 
64K X 16 
64K X 16 
64K X 16 
64K X 16 


























Reverse Pin-out 
Reverse Pin-out 
Reverse Pin-out 
Reverse Pin-out 
Reverse Pin-out 
Reverse Pin-out 






































Reverse Pin-out 
Reverse Pin-out 
Reverse Pin-out 
Reverse Pin-out 
Reverse Pin-out 
Reverse Pin-out 


—-O-9-0-0-0-0-0-0-0-0-0-90 


























O=0—0=.0=0 —]— 0-0-0 
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Flash Memories (cont.) 
(Data Book Section 7) 











28F102TI-12 
28F102T-15 
28F102TI-15 
28F102TR-90 
28F102TRI-90 
28F102TR-12 
28F 102TRI-12 
28F102TR-15 
28F102TRI-15 


28F202P-12 
28F202PI-12 
28F202P-15 
28F202PI-15 
28F202P-20 
28F202PI-20 
28F202N-12 
28F202NI-12 
28F202N-15 
28F202NI-15 
28F202N-20. 
28F202NI-20. 
28F202T-12 
28F202TI-12 
28F202T-15 
28F202TI-15 
28F202T-20 
28F202TI-20 
28F202TR-12 
28F202TRI-12 
28F202TR-15 
28F202TRI-15 
28F202TR-20 
28F202TRI-20 






































64K X 16 
64K X 16 
64K X 16 
64K X 16 
64K X 16 
64K X 16 
64K X 16 
64K X 16 
64K X 16 


128K X 16 
128K X 16 
128K X 16 
128K X 16 
128K X 16 
128K X 16 
128K X 16 
128K X 16 
128K X 16 
128K X 16 
128K X 16 
128K X 16 
128K X 16 


128K X 16 


128K X 16 
128K X 16 
128K X 16 
128K X 16 
128K X 16 
128K X 16 
128K X 16 
128K X 16 
128K X 16 
128K X 16 


28F001 128K X 8 Contact Catalyst for 90,120,150 
Product Information 
28F002 256K X 8 Contact Catalyst for 120,150,200 
Product Information 


Product Selector Table 











Dnsty | Oprtg}| Access {Clock | Temp. | Special 
Vitg Time Freq. | Range | Features 
| 






C 
| 
















Reverse Pin-out 
Reverse Pin-out 
Reverse Pin-out 
Reverse Pin-out 
Reverse Pin-out 
Reverse Pin-out 









































—-O-O-0-9-0-0-0-0-0 


Reverse Pin-out 
Reverse Pin-out 
Reverse Pin-out 
Reverse Pin-out 
Reverse Pin-out 
Reverse Pin-out 


= Boot Block Flash 

















Boot Block Flash 


Commercial = 0°C to +70°C 
Industrial = —40°C to +85°C 
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Product Selector Table — 





Parallel E7PROMs 
(Data Book Section 8) 


Part Lead 
Number Count — 


28C16AP-20 2K X8 
28C16API-20 
28C16AP-25 
28C16API-25 
28C16AN-20 
28C16ANI-20 
28C16AN-25 
28C16ANI-25 
28C16AJ-20 
28C16AUI-20 
28C16AJ-25 
28C16AJI-25 
28C16AK-20 
28C16AKI-20 
28C16AK-25 
28C16AKI-25 


28C17AP-20 
28C17API-20 
28C17AP-25 
28C17API-25 
28C17AN-20 
28C17ANI-20 
28C17AN-25 
28017ANI-25 
28C17AJ-20 
28C17AJI-20 
28017AJ-25 
28C17AJI-25 
280 17AK-20 
28C017AKI-20 
28C17AK-25 
28C17AKI-25 


28C256P-15 

28C256PI-15 

_ 28C256P-20 
28C256PI-20 
28C256P-25 
28C256PI-25 
28C256N-15 
28C256NI-15 
28C256N-20 
28C256NI-20 

28C256N-25 

28C256NI-25 

28025671 13-15 


Oprtg | Access /|Clock Tanne Special 
Vitg Time Freq. le Features 


16Kb 






























































Q9-9-9-9O-9O-9O-O0]/—-9O-NO-90-90-90-—-0-0-0]-9O-0-0-0-90-0-0-0 
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Product Selector Table 


Parallel E7PROMs (cont.) 
(Data Book Section 8) 


Part Lead |Dnsty Oprtg | Access| Clock | Temp.| Special 
Number Count Vitg Time Freq. |Range| Features 


28C0256T113-15 
28C256T 13-20 
28C256T113-20 
28C256T 13-25 
28C256T113-25 
28025671 14-15 
28C256T114-15 
28C256T 14-20 
28C256T114-20 
28C256T 14-25 
28C256T114-25 


28C64BP-12 
28C64BPI-12 
28C64BP-15 
28C64BPI-15 
28C64BP-20 
28C64BPI-20 
28C64BN-12 
28C64BNI-12 
28C64BN-15 
28C64BNI-15 
28C64BN-20 
28C64BNI-20 © 
28C64BT-12 
28C64BTI-12 
28C64BT-15 
28C64BTI-15 
28C64BT-20 
28C64BTI-20 
28C64BT 13-12 
28C64BT 131-12 
28C64BT13-15 
28C64BT 131-15 
28C64BT 13-20 
28C64BT 131-20 
28C64BT 14-12 
28C64BT 141-12 
28C64BT14-15 
28C64BT 141-15 
28C64BT 14-20 
28C64BT 14I-20 
28C64BJ-12 
28C64BUJI-12 
28C64BJ-15 
28C64BJI-15 
28C64BJ-20 
28C64BUJI-20 
28C64BK-12 
28C64BKI-12 
28C64BK-15 
28C64BKI-15 
28C64BK-20 
28C64BKI-20 





-O-9O-9O-9-0-9-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0/-90-0-0-0-0- 
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Product Selector Table 





Parallel E7PROMs (cont.) 
(Data Book Section 8) 


Part Lead Oprtg | Access Temp. Special 
_ Number Count Vitg Time Range| Features 


28C65BP-12 
28C65BPI-12 
28C65BP-15 
28C65BPI-15 
28C65BP-20 
28C65BPI-20 
28C65BN-12 
28C65BNI-12 
28C65BN-15 
28C65BNI-15 
28C65BN-20 
28C65BNI-20 
28C65BT-12 
28C65BTI-12 
28C65BT-15 
28C65BTI-15 
28C65BT-20 
28C65BTI-20 
28C65BT13-12 
28C65BT13I-12 
28C65BT13-15 
28C65BT131-15 
28C65BT13-20 
28C65BT131-20 
28C65BT14-12 
28C65BT141-12 
28C65BT14-15 
28C65BT141-15 
28C65BT14-20 
28C65BT141-20 
28C65BU-12 
28C65Bul-12 
28C65BU-15 
28C65BuI-15 
28C65BU-20 
28C65BuI-20 
28C65BK-12 
28C65BKI-12 
28C65BK-15 
28C65BKI-15 
28C65BK-20 
28C65BKI-20 


28LV256P-25 
28LV256PI1-25 
28LV256P-30 
28LV256PI-30 
28LV256P-35 
28LV256PI-35 
28LV256N-25 
28LV256NI-25 
28LV256N-30 
28LV256NI-30 
28LV256N-35 
28LV256NI-35 





-9O-9O-O9-OYO-9Q-—-a|—-N9-9-90-0-0-0-0-0-0-0-0-0-0-0-0-90-0-0-0-0-90 
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Product Selector Table 


Parallel E7PROMs (cont.) 
(Data Book Section 8) 


Part . Lead |Dnsty Oprtg | Access 
Number Count Vitg Time 
28 


28LV256T 13-25 
28LV256T 131-25 28 
28LV256T 13-30 
28LV256T 131-30 
28LV256T 13-35 
28LV256T 131-35 
28LV256T 14-25 
28LV256T 141-25 
28LV256T 14-30 
28LV256T 141-30 
28LV256T 14-35 
28LV256T 141-35 


28LV64P-25 
28LV64PI-25 
28LV64P-30 
28LV64PI-30 
28LV64P-35 
28LV64PI-35 
28LV64N-25 
28LV64NI-25 
28LV64N-30 
28LV64NI-30 
28LV64N-35 
28LV64NI-35 
28LV64T-25 
28LVG64TI-25 
28LV64T-30 
28LV64TI-30 
28LV64T-35 
28LV64TI-35 
28LV64T13-25 
28LV64T 131-25 
28LV64T 13-30 
28LV64T 131-30 
28LV64T 13-35 
28LV64T 131-35 
28LV64T14-25 
28LV64T 141-25 
28LV64T 14-30 
28LV64T 141-30 
28LV64T 14-35 
28LV64T 141-35 
28LV64J-25 
28LV64J1-25 
28LV64J-30 
28L.V64JI-30 
28LV64J-35 
28LV64JI-35 
28LV64K-25 
28LVG64KI-25 
28LV64K-30 
28LV64KI-30 
28LV64K-35 
-28LVG64KI-35 


Temp. | Special 
Range | Features 





oneeaen | || 








C 
| 
C 
| 
C 
| 
C 
| 
C 
| 
C 
| 
C 
| 
C 
| 
C 
| 
C 
| 
C 
| 
C 
| 
C 
| 
C 
| 
C 
| 
C 
| 
C 
| 
C 
| 
C 
| 
C 
| 
C 
| 
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Product Selector Table 





Parallel E7PROMs (cont.) 
(Data Book Section 8) 


Part ‘Lead Dnsty Oprtg | Access (Clock | Temp.| Special 
Number Count Vitg Time Freq. | Range; Features 


28LV65P-25 
28LV65PI-25 
28LV65P-30 
28LV65PI-30 
28LV65P-35 
28LV65PI-35 
28LV65N-25 © 
28LV65NI-25 
28LV65N-30 
28LV65NI-30 
28LV65N-35 
28LV65NI-35 
28LV65T-25 
28LV65TI-25 
28LV65T-30 
28LV65TI-30 
28LV65T-35 
28LV65TI-35 
28LV65T13-25 
28LV65TI13-25 
28LV65T13-30 
28LV65TI13-30 
28LV65T13-35 
28LV65TI13-35 
- 28LV65T14-25 
28LV65TI14-25 
28LV65T14-30 
28LV65TI14-30 
28LV65T14-35 
28LV65TI14-35 
28LV65uJ-25 
28LV65ul-25 
28LV65u-30 
28LV65uI-30 
28LV65uJ-35 
28LV65ul-35 
28LV65K-25 
28LVE5KI-25 
28LV65K-30 
28LV65KI-30 
28LV65K-35 
28LV65KI-35 


—-O-O-90-9O-9O-0O-0-90O-0-0-0-0-90-0-0-0-90-0-0-0-0 
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Product Selector Table 


Mixed Signal Products 
(Data Book Section 9) 


Part Resolution 
Number (bits) 
12 





Lead Settling | DACs/ Data NV | Temp. | Special 
Count {| Time(ns)| Pkg Latch | Mem. | Range | Features 
24 1 NO C 




































104AC 40 NO 

104ACI 12 24 40 1 NO NO | 

104BC 12 24 40 1 NO NO C 

104BCl 24 40 1 NO NO | 
24 40 1 YES NO C 1/2 LSB 
24 40 1 YES NO | 1/2 LSB 
24 40 1 YES NO C 1 LSB 
24 40 1 YES NO | 1 LSB 
14 104 4 YES YES C 
14 104 4 YES YES | 
14 104 4 YES YES C 
14 104 4 YES YES | 
20 104 4 YES YES C 
20 104 4 YES YES | 
20 104 4 YES YES C 
20 104 4 YES YES | 

506AC 12 CDIP 24 25 1 YES NO C 1/2 LSB 

12 CDIP 24 25 C 1LSB 


Commercial = 0°C to +70°C 
Industrial = —40°C to +85°C 
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Product Selector Table 
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I]||| CATALYST 


SEMICONDUCTOR 


Packaging Information 


8-LEAD 150 MIL WIDE SOIC (S) 


rt... 


0.1497 (3.80) 0.2284 (5.80) 
0.1574 (4.00) 0.2440 (6.20) 





0.1890 (4.80) 


aa 0.1968 (5.00) i Y 


Lae 0.0532 (1.35) 
0.0688 (1.75) 


0.050 (1.27) BSC 0.0040 (0.10) 


0.013 (0.33) 


0.0098 (0.25) 
0.020 (0.51) 


0.0099 (0.25) 
ees ABS 
| 0.0196 (0.50) ~~ 
0.0075 (0.19) 
0.0098 (0.25) 


alt 


0°-8° 
F 4 
0.016 0.016 (0.40) 40) 


0.050 (1.27) 





Notes: 


1. Complies with JEDEC publication 95 MS-012 dimensions; however, some dimensions may be more stringent. 
2. All linear dimensions are in inches and parenthetically in millimeters. 
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Packaging Information 


8 AND 14-LEAD 150 MIL WIDE SOIC (J) 


0.1497 (3.80) 0.2284 (5.80) 
0.1574 (4.00) 0.2440 (6.20) 





0.0532 (1.35) 
0.0688 (1.75) 


0.013 (0.33) 0.0098 (0.25) 


0.020 (0.51) 


| 0.0099 (0.25) 
See x AGS 
0.0196 (0.50) 
0.0075 (0.19) 


0.0098 (0.25) 


pets Lt 
i 


0.050 (1.27) 






Pkg | Min | Mex 
0.1890(4.80) | 0.1968(6.00) 
0.3367(8.55) 













Notes: 
1. Complies with JEDEC publication 95 MS-012 dimensions; however, some dimensions may be more stringent. 
2. All linear dimensions are in inches and parenthetically in millimeters. 
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Packaging Information 


16—28-LEAD 300 MIL WIDE SOIC (J) 


_ 


7.40) 0.394 (10.00) 


0.2914 
0.2992 (7.60) 0.419 (10.65) 


on 





a 
. 


ia: 0.0926 (2.35) 
0.1043 (2.65) 


0.050 (1.27) BSC IL. 0.0040 (0.10) 


0.013 (0.33) 0.0118 ( 0.0118 (0.30) 
0.020 (0.51) 


0.010 (0.25) ; 
a 0.029 (0.75) a 
0.0091 (0.23) 


as 7 fF 


0.016 (0.40) 
0.050 (1.27) 


Dimension D 
Max 


0.3977 (10.10) 0.4133 (10.50) 
0.4469 (11.35) 0.4625 (11.75) 


0.4961 (12.60) 0.5118 (13.00) 
0.5985 (15.20) 0.6141 (15.60) 


0.6969 (17.70) 0.7125 (18.10) 





Notes: 
1. Complies with JEDEC publication 95 MS-013 dimensions; however, some dimensions may be more stringent. 
2. All linear dimensions are in inches and parenthetically in millimeters. 


13-29 





Packaging Information 


8-LEAD 210 MIL WIDE SOIC (K) 


0.205 (5.20) 0.303 (7.70) 
0.213 (5.40) 0.318 (8.10) 


4 


0.0267 (0.68) 
0.0303 (0.77) 





0.205 (5.15) 
0.210 (5.35) 






0.080 (2.03) 
MAX 


0.046 (1.17) a A 
0.054 (1.37) 
0.0137 (0.35) 


0.0177 (0.45) 


0.008 (0.20) 
ot fh 
iV - 
<— 0.025 (0.65) 





Note: 
1. Alllinear dimensions are in inches and parenthetically in millimeters. 
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Packaging Information 


24—28-LEAD 300 MIL WIDE EXTENDED FOOTPRINT SOIC (K) 


0.2914 (7.40) 0.450 (11.43) 
0.2992 (7.60) 0.477 (12.12) 











pe 0926 —— 35) 
Ee. 1043 Tt 65) 


0.013 (0.33) “Lt 
0.020 (0.51) 


0.010 (0. 0.010 (0.25) y 
Pr 0.028 0.75 0.029 (0. 75) * | 
0.0091 (0.23) 


ee t OF 
4 — 0.016 (0.40) | 
0.050 (1.27) 


Dimension D 
0.5985 (15.20) 0.6141 (15.60) 
0.6969 (17.70) 0.7125 (18.10) 



















Note: 
1. All linear dimensions are in inches and parenthetically in millimeters. 
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Packaging Information 


32-LEAD PLASTIC LEADED CHIP CARRIER (N) 


0.485 (12.32) 
0.495 (12.57) 
0.447 (11.35) 
0.453 (11.50) 













0.100 (2.54) 
0.140 (3.55) 


0.585 (14.85) 


0.595 (15.11 
Spot 0.026 (0.66) 


0.032 (0.81) 
0.547 (13.89) 


0.553 (14.04) 


0.060 (1.52) 
0.095 (2.41) 


Pomona 


0.050 (1.27) BSC 


’ 0.013 (0.33) 
0.021 (0.53) 


Notes: 
1. Complies with JEDEC Publication 95 MO-052 dimensions; however, some dimensions may be more stringent. 
2. All linear dimensions are in inches and parenthetically in millimeters. 
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Packaging Information 


44-LEAD PLASTIC LEADED CHIP CARRIER (N) 


0.685 (17.40) 
0.695 (17.65) 















0.650 (16.51) 0.165 (4.20) 
0.656 (16.66) par | 0.180 (4.57) 
0.685 (17.40) 
0.695 (17.65) areas) 
032 (0.81 

0.650 (16.51) Ose 02) 

0.656 (16.66) 
| 0.090 (2.29) 
0.120 (3.04) 





0.050 


Y 0.013 (0.33) 
A 0.021 (0.53) 


(1.27) BSC 





Notes: 


1. Complies with JEDEC Publication 95 MO-047 dimensions; however, some dimensions may be more stringent. 
2. All linear dimensions are in inches and parenthetically in millimeters. 


13-33 


Packaging Information 


28-LEAD 8MM X 13.4 MM TSOP (T13) 


0.460 (11.7) | 0.039 (1.00) 

j 0.468 (11.9) ; | | 5 Zl 0.047 (1.20) 
_ 0.018 (0.47) 
LY 0.025 (0.63) 


+ 


W 
a 






0.311 (7.9) » =e 0.007 (0.18) 
0.319 (8.1) Fra ¥ 0.011 (0.27) 
ch 
| | 
|i | 
| 
| if 
| 
mm 
| 
mm 
- 
=“ SEATING 
PLANE 
12° TYP. 
0.002 (0.05) 
12° TYP. 0.008 (0.20) 


ee : eas E 0.036 (0.91) 


9 2 cseceeesasccsmasceanesse fl a 
SEATING t | 





PLANE 





0.520 (13.2) 
0.536 (13.6) 
DETAIL “A” 
0.080 (0.75) 
0.034 (0.85) 


0° -5° 


| ae owe 


0.006 (0.15) ta _ 20209 


0.008 (0.20) 





Notes: 
1. All linear dimensions are in inches and parenthetically in millimeters. 
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Packaging Information 


32-LEAD 8MM X 14MM TSOP (114) 


0.486 (12.35) 0.043 (1.09) 


0.490 (12.45) . | 













0.047 (1.19) 
_ 0.0177 (0.45) 
nm 
Ty 0.0217 (0.55) 
po 















+ 


0.0075 (0.187) 
¥_ 0.0085 (0.213) 

















0.313 (7.95) 
0.317 (8.05) 














y 
i 


SEATING 
PLANE 
12° TYP. 
a 0.003 (0.08) 
42° TYP. 0.007 (0.18) 
oat ~ 0.038 (0.96) 
An 0.042 (1.06) 
SEATING _* 





PLANE “\_[. 
a 0.512 (13.00) oes 


0.552 (14.02) REF. 


DETAIL “A” 


0.029 (0.73) 
0.035 (0.89) 


3° + 2° 


WoW 


0.0055 (0.137) ta * 0.022 (0.56) 


0.0065 (0.163) 


Note: 
1. All linear dimensions are in inches and parenthetically in millimeters. 
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Packaging Information 


32-LEAD 8MM X 20MM TSOP (T, TR) 


0.720 (18.30) 
| . 0.728 (18.50) © | 








+ — Y 0.018 (0.45) 
+ — ' 0.022 (0.55) 


0.307 (7.80) 
0.323 (8.20) 


yy 0.006 (0.15) 
my 0.010 (0.25) 






‘a 
eS 





SEATING 


PLANE 
a 0.006 (0.15) 
MAX 
0.047 (1.20) 
MAX 
12° TYP. 
0.037 (0.95) 

0.004 (0.10) YY. 0.041 (1.05) 
anes a 0.780 (19.80) | |f 


0.795 (20.20) 





Note: 
1. All linear dimensions are in inches and parenthetically in millimeters. 
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Packaging Information 


40-LEAD 10MM X 14MM TSOP (T14) 





0.484 (12.30) 
ra 0.492 (12.50) 
= (Pes 


= 


0.0197 (0.50) 


r-7 BSC 
A 


0.386 (9.80) -—4 
0.402 (10.20) co 











ee te 0.006 (0.15) 
an Se fh 0 .010 (0 
aa ct, 
ea 
2 os = SEATING 
PLANE 
a 0.006 (0.15) 
MAX 
0.047 (1.20) 
MAX 
12° TYP. 
ae w+ 
0.037 (0.95) 
0.004 (0.10) yf 0.041 (1.05) 
ened LS 0.543 (13.80) |f 
~~ 0.559 (14.20) 
DETAIL “A” 


0.029 (0.75) 


P " 0.033 (0.85) 








0°—5° 


—_ 


_ a 0.016 (0.40) 
0.024 (0.60) 





Note: 
1. All linear dimensions are in inches and parenthetically in millimeters. 
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Packaging Information 


40-LEAD 10MM X 20MM TSOP (T) 


0.720 (18.30) 
| 0.728 (18.50) | 






a 0.0197 (0.50) 


7 BSC 


0.386 (9.80) 
0.402 (10.20) 


006 (0.15) 


Vo 
1 my 0.010 (0.25) 





SEATING 


PLANE 
. 0.006 (0.15) 
MAX 


0.047 (1.20) 
MAX 


12° TYP. 


— “3 
0.037 (0.95) 


0.004 (0.10) yf a 0.041 (1.05) 


0.008 (0.20) 7 /f 
+ 0.780 (19.80) 


0.795 (20.20) 


DETAIL “A” 


0.029 (0.75) 
0.033 (0.85) 





0°-—5° 


Wed 


I * 0.016 (0.40) 
0.024 (0.60) 


Note: 
1. Alllinear dinendioné are in inches and parenthetically in millimeters. 
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Packaging Information 


8—22-LEAD 300 MIL WIDE PLASTIC DIP (P) 


0.245 (6.17) 
0.295 (7.49) 
0.300 (7.62) 


p28 0.325 (8.26) 
aa aoe. | 





0.150 (3.81) 0.180 (4.57) MAX 


+ 


0.015 (0.38) —-0.110 (2.79) 


WL) “apenas 


— 0.150 (3.81) 
eee eee ery, 1 
. meee | 0.310 (7.87) 
| 0.045 (1.14) 0.380 (9.65) 
0.060 (1.52) 
0.014 (0.36) 
0.022 (0.56) 


0.355 (9.02) 0.385 (9.70) 


co 
Pa 
at_[ 0645 (1638) | 0685 (1740 
Tet 
rat 


0.745 (21.45) 0.785 (19.94) 










0.845 (21.46) 0.885 (22.48) 


0.945 (24.00) 0.985 (25.02) 


L 1.045 (26.54) ) 





1.085 (27.56 





Notes: 
1. Complies with JEDEC Publication 95 MS001 dimensions; however, some of the dimensions may be more stringent. 
2. All linear dimensions are in inches and parenthetically in millimeters. 
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Packaging Information. 


- 24-40-LEAD 600 MIL WIDE PLASTIC DIP (P) 


; 


0.530 (13.46) 
0.550 (13.97) 





0.600 (15.24) 


[D| 0.625 (15.88) 
ee 


d il ‘ | 0.160 (4.06) 0.200 (5.08) MAX. 


0.020 (0.51) 0.125 (3.18) 
0.050 (1.27) (0.150 (3.81) 
0.100 (2.54) 
BSC 
: 0.050 (1.27) 
| 0.054 (1.37) 
0.014 (0.36) 
0.020 (0.51) 





0.610 (15.49) | | 
0.680 (17.27) 


-—vinension 
1.240 (31.50) 1.270 (32.25) 
1.420 (36.06) 1.470 (37.33) 
4.640 (41.65) ~ 1.670 (42.41) 











40L 2.040 (51.81) 2.070 (52.57) 





Notes: 
1. Complies with JEDEC Publication 95 MO-015 dimensions; however, some dimensions may be more stringent. . 
2. All linear dimensions are in inches and parenthetically in millimeters. 
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Packaging Information 


24 LEAD 300 MIL WIDE CERDIP (C) 





———_ 
Sj : 
A 
BASE LINE 
SEATING PLANE H ; 
Q L 1 " 


[120 | «Sr 
[0200 | ste | 0.508 _| 
ee 
0065 | 076 | 165 
ee ee ee 
as 





Notes: 

(1) Index area; a notch or a lead one identification mark is located adjacent to lead one 

(2) The minimum limit for dimension b; may be 0.023" (0.58mm) for all four corner leads only. 

(3) Dimension Q shail be measured from the seating plane to the base plane. 

(4) This dimension allows for off-center lid, meniscus and glass overrun. - 

(5) Applies to all four corners. 

(6) All leads - increase maximum limit by 0.003" (0.08mm) measured at the center of the flat, when hot solder dip lead finish is applied. 
(7) Twenty-two-spaces. 
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Packaging Information 


TAPE AND REEL 


Catalyst surface mount devices, which are normally 
shipped in antistatic plastic tubes, are also available 
mounted on embossed tape for customers using auto- 
matic placement systems. The tape is wound on 178mm 
(7 inch) or 330mm (13 inch) reels and individually es 
aged for shipment. 


Direction of Feed 







EMBOSSED 
CARRIER 


Device Orientation 
SPROKET HOLE 


The following tables and diagrams provide general tape 
and reel specification data and indicate the tape sizes for 
various package types. Further tape and reel specifica- 
tions can be found in the Electronic Industries Association 
(EIA) standard 481-1, 481-2, 481-3. 


TOP COVER 
TAPE THICKNESS (t,) 
0.10mm (0.004) MAX THICK 


EMBOSSMENT 





DEVICE ORIENTATION 
en, 


SOIC 


PIN 1 





Note: 


PLCC 


(1) Metric dimensions will govern; English measurements rounded, for reference eniv and in parentheses: 
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Packaging Information 


TAPE AND REEL 

Reel Dimensions” 

| 40mm (1.575) MIN. 3 

ACCESS HOLE asi ia 
AT SLOT LOCATION 







FULL RADIUS* 
TAPE SLOT IN CORE 


FOR TAPE START. 
2.5mm (0.098) MIN WIDTH 


10mm (0.394) MIN DEPTH 
* DRIVE SPOKES OPTIONAL, IF USED 
ASTERISKED DIMENSIONS APPLY. G (MEASURED AT HUB) 


Tape 


[Ske | ox [aimee Wax ayes! 


12mm | 178) 500 het 12.4 (0.488) | 18.4 
(7.00) 14.4 TET SERy 558) | (0.724) 

16mm | 178 | 500 | 330 hed 12.80 (0.504) | 20.2 50 | 16.4 (0.646) | 22.4 
(7. <M 3. mn 13.20 (0.520) | (0.795) | (1.969) | 18.4 (0.724) | (0.882) 


| 500 | 
1 | 1000 | 


24.4 (0.961) | 30.4 
26.4 (1.039) | (1.197) 


| Package Tape Size Part Pitch 
Component Type (W) (P) 


8-Lead SOIC 8mm 
8-Lead SOIC 
14-Lead SOIC 
16-Lead SOIC 
20-Lead SOIC 
24-Lead SOIC 
28-Lead SOIC 
32-Lead PLCC 16mm 


28-Lead TSOP 714, ae 32mm 16mm 
32-Lead TSOP 24mm 12mm 
























Note: 
(1) Metric dimensions will govern; English measurements rounded, for reference only and in parentheses. 
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Packaging Information 


TAPE AND REEL 


Embossed Carrier Dimensions (12, 16, 24mm Tape Only) 


10 PITCHES 
CUMULATIVE TOLERANCE 
ON TAPE +0.2mm(+0.008) 







TOP 
COVER 
TAPE 
WwW 
By Ka?) 
CENTER LINES D4 
OF CAVITY FOR COMPONENTS 
EMBOSSMENT 2.0mm X 1.2mm 
AND LARGER 


a Ge 
FOR MACHINE REFERENCE ONLY 


INCLUDING DRAFT AND RADII USER DIRECTION OF FEED 
CONCENTRIC.ABOUT Bo 


Embossed Tape—Constant Dimensions“) 


12, 16, 1.5 (0.059) | 1.65 (0.065) | 3.9 (0.153) 0.400 415 
24mm 1.6 (0.063) | 1.85(0.073) | 4.1 (0.161) (0.016) (0.059) 


Embossed Tape—Variable Dimensions”) 
pF | KMax, | Pe | Min | ow TP 
( 


‘| 42mm_— | 8.2 (0.323) | 5.45 (0.215) | 4.5 (0.177) |1.95 (0.077) | 30 (1.181) | 11.7(0.460) | 7.9 (0.275) 
| 5.55 (0.219) 2.05 (0.081) 12.3 (0.484) | 8.1 (0.355) 
40 (1.575) | 15.7 (0.618) | 11.9 (0.468) 
6.5 (0. 16.3 (0.642) | 12.1 (0.476) 
50 (1. 


































16mm ‘|12.1 (0.476)| 7.4 (0.291) 
| 7.6 (0.299) 5 (0.256) | 4.9 (0.075) 
‘24mm 120.1 (0.791)| 11.4 (0.449) 2.1 (0.083) (1.969) | 23.7 (0.933) | 11.9 (0.468) 
11.6 (0.457) 24.3 (0.957) | 12.1 (0.476) 
15.9 (0.623) 
| | 16.1 (0.634) 


Note: 

(1) Metric dimensions will govern; English measurements rounded, for reference only and in parentheses. 

(2) Ao Bo Ko are determined by component size. The clearance between the component and the cavity must be within 0.05 (0.002) min. to 
0.65 (0.026) max. for 12mm tape, 0.05 (0.002) min. to 0.90 (0.035) max. for 16mm tape, and 0.05 (0.002) min. to 1.00 (0.039) max. for 
24mm tape and larger. The component cannot rotate more than 20° within the determined cavity, see Component Rotation. 
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Packaging Information 





TAPE AND REEL 


Component Rotation | Bending Radius 


20° MAXIMUM 
COMPONENT ROTATION 


TYPICAL 
COMPONENT CAVITY 
CENTER LINE R MIN 


BENDING RADIUS(2) 


TYPICAL 
COMPONENT 
CENTER LINE 


Tape Camber (Top View) 


100mm 
(3.937) 


1mm 
(0.039) MAX 













imm 
(0.039) MAX 





250mm 
(9.843) 


ALLOWABLE CAMBER TO BE 1mm/100mm NONACCUMULATIVE OVER 250mm 





Note: 


(1) Metric dimensions will govern; English measurements rounded, for reference only and in parentheses. 
(2) Tape and components shall pass around radius “R” without damage. 
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NOTES 


NOTES 


NOTES 


NOTES 


NOTES 


NOTES 


NOTES 


~ 
. 





Corporate Headquarters 


Catalyst Semiconductor, Inc. 
1250 Borregas Avenue - 
Sunnyvale, California 94089 
Phone: 408-752-9600 

FAX: 408-752-9800 


GO 


||| CATALYST 


SE&EnMtconeueecrTreaR 


Catalyst Semiconductor, Inc. 
1250 Borregas Avenue 
Sunnyvale, California 94089 
Phone: 408-752-9600 

FAX: 408-752-9800 


U.S. Sales Offices 
Western U.S. 


Catalyst Semiconductor, Inc. 


1250 Borregas Avenue 
Sunnyvale, California 94089 
Phone: 408-752-9600 

FAX: 408-752-9800 


Central U.S. 


Catalyst Semiconductor, Inc. 


3800 No. Wilke Road 

Suite 372 

Arlington Heights, IL 60004 
Phone: 708-342-0274 
FAX: 708-342-0276 


Eastern U.S. 


Catalyst Semiconductor, Inc. 


50 Nashua Road 

Suite 112 

Londonberry Square, 
Londonberry, NH 03063 
Phone: 603-437-2896 
FAX: 603-437-6096 


Until June 1996, Catalyst 
can be reached at: 


Catalyst Semiconductor, Inc. 
2231 Calle de Luna 

Santa Clara, California 95054 
Phone: 408-748-7700 

FAX: 408-980-8223 


International Sales Offices 


Japan 

Nippon Catalyst K.K. . 
4th Fl, Shin Nakano 

FK Bidg., 6-16-12 Honcho 
Nakano-ku, Tokyo 164 
JAPAN 

Phone: 81.3.5340.3781 
FAX: 81.3.5340.3780 


Far East 

Catalyst Semiconductor, Inc. 
9F, No 400, Sec 1 

Kee-Lung Road 

Taipei, TAIWAN 

Phone: 866.2.345.6192 
FAX: 866.2.729.9388 
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